
Durham E-Theses

Studies of amidines and their complexes with the
nickel elements

James Barker

How to cite:

Barker, James (1985) Studies of amidines and their complexes with the nickel elements. Doctoral
thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

• a full bibliographic reference is made to the original source

• a https://etheses.durham.ac.uk/id/eprint/7591/ is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk

https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/7591/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk


STUDIES OF AMIDINES AND THEIR 

COMPLEXES WITH THE NICKEL ELEMENTS 

by 

James B a r k e r B.Sc.(Hons.) (C.N.A.A.) G.R.S.C. 

The copyright of this thesis rests with the author. 

No quotation from it should be published without 

his prior written consent and information derived 

from it should be acknowledged. 

A T h e s i s s u b m i t t e d f o r t h e Degree o f 

D o c t o r o f P h i l o s o p h y 

i n t h e U n i v e r s i t y o f Durham. 

G r a d u a t e S o c i e t y , 
U n i v e r s i t y o f Durham. J a n u a r y 19 85 

M JUL. 1935 



"The University is a meaoa to which students oome 

with something less than perfect faith. It is 

important that students bring a certain ragamuffins 

barefoot irreverance to their studies; they are not 

here to worship what is known, but to question it." 

P r o f . J . BRONOWSKI, 

"The A s c e n t o f Man", 1973. 

Za my w i f e C i n d a 
a n d my P a r e n t s 



DECLARATION 

The w o r k d e s c r i b e d i n t h i s t h e s i s was c a r r i e d 
o u t i n t h e U n i v e r s i t y o f Durham b e t w e e n O c t o b e r 19 81 
and September 19 84. I t has n o t been s u b m i t t e d , e i t h e r 
w h o l l y o r i n p a r t , f o r a d e g r e e i n t h i s o r any o t h e r 
U n i v e r s i t y and i s t h e o r i g i n a l w o r k o f t h e a u t h o r e x c e p t 
w h ere a c k n o w l e d g e d by r e f e r e n c e . 



i i 

JAMES BARKER: STUDIES OF AMIDINES AND THEIR COMPLEXES WITH THE NICKEL ELEMENT 

ABSTRACT 

A m i d i n e s [RNC(R')NR, I ] and t h e i r c o m p l e x e s o f t h e 

n i c k e l g r o u p m e t a l s h ave been s t u d i e d . A c c u r a t e mass 

s p e c t r o m e t r y a p p l i e d t o (R'=H, R=Ph; R'=CH 3, R=Ph; R'=Ph=R) 

have g i v e n d e t a i l e d f r a g m e n t a t i o n p a t t e r n s w h i c h f o r m t h e 

b a s i s f o r t h e i n t e r p r e t a t i o n o f r e l a t e d a m i d i n e s . D i f f e r ­

e n c es i n s k e l e t a l f r a g m e n t a t i o n p a t t e r n s were n o t e d b e t w e e n 
1 13 

f o r m a m i d i n e s and a c e t a m i d i n e s / b e n z a m i d i n e s , H, C and 
19 

F n.m.r. and mass s p e c t r o s c o p y o f l i t h i o a m i d i n e s i n d i c a t e 

a b i d e n t a t e s y m m e t r i c a l l y b o n d e d a m i d i n e . 

The r e a c t i o n s o f a m i d i n e s [RN(X) C (R')NR] X=H, L i ) w i t h 

compounds o f t h e n i c k e l g r o u p m e t a l s , r e s u l t s i n a w i d e 

v a r i e t y o f c o m p l e x e s ; t h e i r n a t u r e d e p e n d i n g on t h e a m i d i n e 

s u b s t i t u e n t s , t h e m e t a l and t h e s y n t h e t i c r o u t e u s e d . Com­

p l e x e s w i t h N , N ' c h e l a t e , o r ' t / ^ o - m e t a l l a t e d , and b r i d g i n g g r o u p s 

w e r e p r e p a r e d and c h a r a c t e r i s e d t o g e t h e r w i t h c o m p l e x e s c o n ­

t a i n i n g new N , N ' c h e l a t e and b r i d g i n g g r o u p s , r e s u l t i n g f r o m 

n u c l e o p h i l i c a t t a c k o f an a m i d i n e a t a c o o r d i n a t e d n i t r i l e . 

The r e a c t i o n s o f M ( P h C N ) 2

C 1 2 ^ M = P d ' P t > a n d a n h y d r o u s 

N i C ^ w i t h l i t h i o a m i d i n e s r e s u l t i n y e l l o w P t f A m ^ f w here 

Am = RNC(R')NR, r e d P d 2 ( A m ) ^ and d a r k g r e e n N i 2 ( A m ) ^ c o m p l e x e s . 

The p l a t i n u m c o m p l e x e s a r e monomeric f o r t h e a c e t a m i d i n e 

(R^CH-j) i and b e n z a m i d i n e (R'=CgH,.) l i g a n d s , t h o u g h f o r 

p a l l a d i u m t h e b e n z a m i d i n e c o m p l e x e s a r e d i m e r i c . The n i c k e l 

c o m p l e x e s a r e d i m e r i c f o r t h e a c e t a m i d i n e , 

and b e n z a m i d i n e l i g a n d s . S p e c t r o s c o p i c s t u d i e s i n d i c a t e t h a t 

t h e a m i d i n o - g r o u p s a d o p t a c a r b o x y l a t e t y p e mode o f b o n d i n g 

t h r o u g h t h e t w o n i t r o g e n a t o ms, and t h e s t r u c t u r e o f one o f 
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t h e c o m p l e x e s , b i s , N , N ' d i p h e n y l b e n z a m i d i n e - p l a t i n u m ( I I ) has 

been c h a r a c t e r i s e d by X-r a y c r y s t a l l o g r a p h y . The s t r u c t u r e 
19 

showed a monomeric P t N ^ s q u a r e p l a n a r u n i t . N.m.r. ( F 

and " ̂ C) s t u d i e s have i n d i c a t e d f l u x i o n a l i t y when M=Pd, 

R'=CgH R, R=C 6H 4-F-p. W i t h K 2 M C l 4 ( M = P d , P t ) and N i C l 2 , 

N , N ' d i a r y l a m i d i n e s f o r m p o l y m e r i c or>tho-metallated c o m p l e x e s , 

N , N " d i a r y l f o r m a m i d i n e s and a c e t a m i d i n e s f o r m s i x - m e m b e r e d 

r i n g s , b e n z a m i d i n e s f i v e - m e m b e r e d . 

T r e a t m e n t o f P t ( P h C N ) 2 C l 2 w i t h H N ( L i ) ( C g H ^ ) N H r e s u l t s 

i n n u c l e o p h i l i c a t t a c k a t t h e n i t r i l e and f o r m a t i o n o f 

Pt[HNC(C.H c)NC(C,H.-)NH] „. A s i m i l a r r e a c t i o n o c c u r r e d 

w i t h Pd(PhCN)„Cl„ andHNLiC(C,H Q)NH. 
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CHAPTER ONE 

A STUDY OF PSEUDO-ALLYL CHEMISTRY, 

WITH PARTICULAR REFERENCE TO THE AMIDINE LIGAND 
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1.1 I n t r o d u c t i o n 

Though l a r g e numbers o f p r o c e s s e s i n t h e c h e m i c a l 

i n d u s t r y i n v o l v e h e t e r o g e n e o u s c a t a l y s i s , t h e use o f homo­

geneous c a t a l y s i s i s more l i m i t e d b u t e x p a n d i n g . N o t a b l e 

e x a m p l e s o f homogeneous c a t a l y t i c p r o c e s s e s a r e t h e Wacker 

process,"'" w h i c h i n v o l v e s t h e p a l l a d i u m c a t a l y s e d o x i d a t i o n 

o f e t h e n e , and t h e Monsanto p r o c e s s w h i c h p r o d u c e s a c e t i c 

a c i d f r o m m e t h a n o l via c a r b o n y l a t i o n i n v o l v i n g a r h o d i u m 
2 

c a t a l y s t . Such a p p l i c a t i o n s have a t t r i b u t e d p a r t l y t o t h e 

e x p o n e n t i a l g r o w t h i n t h e s y n t h e s i s and c h a r a c t e r i s a t i o n o f 

m e t a l - o l e f i n , m e t a l a l l y l , and m e t a l a l k y n e c o m p l e x e s , w h i c h 
3 

a r e i m p o r t a n t i n c a t a l y t i c p r o c e s s e s , and s e v e r a l r e v i e w s 
4-14 

o f t h e c h e m i s t r y o f t h e s e c o m p l e x e s have been p u b l i s h e d . 

The l a r g e number o f s t u d i e s has a l l o w e d s t a n d a r d o r g a n o -

m e t a l l i c r e a c t i o n s , s u c h as l i g a n d c l e a v a g e t o g e n e r a t e 16-

e l e c t r o n c o o r d i n a t i v e l y u n s a t u r a t e d compounds, i n s e r t i o n , 

o x i d a t i v e a d d i t i o n and r e d u c t i v e e l i m i n a t i o n , t o be w e l l d o c u ­

m e n t e d . T h i s i n t u r n has a l l o w e d i n d i v i d u a l s t a g e r e a c t i o n 

schemes t o be f o r m u l a t e d f o r many c a t a l y t i c p r o c e s s e s , and 

t h e g e n e r a l c h e m i c a l p r i n c i p l e s t o be w e l l u n d e r s t o o d . 

E x t e n s i o n o f t h e above s t u d i e s has been d i r e c t e d t o i s o -

e l e c t r o n i c p s e u d o - a l l e n e s , ^ "^ p s e u d o - a l k y n e s , a l k e n e s 1 ^ 2 2 , 
23 

and p s e u d o - a l l y l s , w h i c h c o n t a i n h e t e r o - a t o m s . I t i s t h e 

p s e u d o - a l l y l s w h i c h we w i l l be c o n c e r n e d w i t h h e r e , e x a m p l e s 

b e i n g g i v e n i n T a b l e 1 . 1 . 
I n t e r e s t i n c a t a l y t i c p r o c e s s e s i n v o l v i n g s m a l l m o l e c u l e s 

40-41 

i n v o l v i n g h e t e r o - a t o m s s u c h as n i t r o g e n , has been d i r e c t e d 

t o a t t e m p t s t o f i n d r o u t e s t o e x p e n s i v e o r g a n o n i t r o g e n chem­

i c a l s , e.g. t h e c o m m e r c i a l p a t h w a y t o g l u t a m i c a c i d f r o m 
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TABLE 1.1 Examples o f p s e u d o - a l l y ! l i g a n d s 

Group Name R e f e r e n c e s 

>C ~ C — — c< a l l y l 

-N " N — — N- t r i a z e n o 24-27 

0 ~ C — » — 0 c a r b o x y l a t o 28-31 

S " C — 
i 

— S d i t h i o c a r b o x y l a t e 32-33 

>C ~ N — — N- h y d r a z o n e s 34-35 

-N " S — 1 — N- s u l p h u r d i i m i n e s 36 

>C — - N — — C< a z a - a l l y I s 37-39 

-N ~ C — 
i 

— N- a m i d i n o 

a c r y l o n i t r i l e . Though much o f t h e c h e m i s t r y a s s o c i a t e d 

w i t h t h e h y d r o c a r b o n l i g a n d s i s a l s o a p p l i c a b l e t o t h e i s o -

e l e c t r o n i c h e t e r o - a t o m g r o u p , a c c o u n t m u s t a l s o be t a k e n o f 

t h e c h e m i s t r y o f t h e h e t e r o - a t o m . Thus w h e r e a s t h e a l l y l 

g r o u p o f t e n bonds t o m e t a l s u s i n g i t s r r - s y s t e m , p s e u d o - a l l y I s 

h a v e t h e p o s s i b i l i t y o f a - b o n d i n g t h r o u g h t h e h e t e r o - a t o m 

l o n e p a i r s , t h u s o t h e r c o o r d i n a t i o n p o s s i b i l i i t i e s e x i s t . 

D e s p i t e t h e c a t a l y t i c i n t e r e s t and v a r i e t y o f b o n d i n g 

p o s s i b i l i t i e s , t h e d a t a on o r g a n o n i t r o g e n c o m p l e x e s i s l i m i t e d 

c ompared t o t h a t o f t h e c a r b o g r o u p s , hence t h e need t o s t u d y 

i m p o r t a n t p s e u d o - a l l y l s s u c h as a m i d i n e s , w h i c h a r e d i s c u s s e d 

h e r e i n d e t a i l . 

44 A m i d i n e s ( F i g . 1.1) were f i r s t s y n t h e s i s e d by G e r h a r d t 

i n 1858 by t h e r e a c t i o n o f a n i l i n e w i t h C N - p h enyl b e n z i m i d y l 
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N R' 

N — R; 

Rv 

F i g u r e 1.1 

c h l o r i d e . A m i d i n e s a r e named a f t e r t h e a c i d o r amide 

w h i c h may be o b t a i n e d f r o m i t a f t e r h y d r o l y s i s . T hus, when 

R 1 = H, t h e compound i s known as f o r m a m i d i n e ; R1 = CH^/ 

a c e t a m i d i n e ; R1 = C^Hg, b u t y l a m i d i n e ; and R1 = C^\\^, b e n z -

a m i d i n e . I t s h o u l d be n o t e d t h a t t h e c h e m i c a l l i t e r a t u r e 

s y s t e m a t i c a l l y names a m i d i n e s as amides o f t h e c o r r e s p o n d i n g 

i m i d i c a c i d , e.g. h e x a n i m i d a m i d e i s t h e name o f t h e a m i d i n e 

d e r i v e d f r o m h e x a n o i c a c i d by r e p l a c e m e n t o f t h e c a r b o x y l 

g r o u p by -C(:NH)NH 2. Thus, a c e t a m i d i n e i s e t h a n i m i d a m i d e 

and f o r m a m i d i n e i s m e t h a n i m i d a m i d e i n t h e s y s t e m a t i c l i t e r ­

a t u r e . 

1.2 T r a n s i t i o n M e t a l A m i d i n e B o n d i n g Modes 

The f o u r t y p e s o f m e t a l t o a l l y l g r o u p b o n d i n g modes 

( F i g . 1 . 2 ) , a r e d e s c r i b e d b e l o w : 

(a) o - a l l y l : o-bonded t e r m i n a l c a r b o n atom t o t h e m e t a l 

a t o m , l o c a l i s e d d o u b l e b o n d b e t w e e n t h e r e m a i n i n g c a r b o n 

a t o m s , e.g. (a-CH 2=CHCH 2)Mn ( C O ) 5 , 4 5 (a-CH 2=CHCH 2)CpMo(CO) 3? 

(b) y - a l l y l ; b r i d g i n g b e t w e e n t w o m e t a l atoms. The a l l y l 

g r o u p i s a-bonded t o t h e f i r s t m e t a l atom t h r o u g h a t e r m i n a l 

c a r b o n atom, and t o t h e s e c o n d m e t a l atom b y i n t e r a c t i o n o f 
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the double bond, e.g. ( y - C 3 H 5 ) 4 M o 2 , 4 7 and [ (y. C 3 H 5 ) P t C l ) ] 4 . 4 8 

(c) n 3 - a l l y l : d e l o c a l i s e d bonding between t h r e e c a r b o n atoms 

forming a m u l t i c e n t r e bond w i t h t h e m e t a l . The t h r e e carbon 

atoms o f the a l l y l group a r e i n a p l a n e above t h e m e t a l , a l l 

m e t a l t o c arbon d i s t a n c e s a r e a p p r o x i m a t e l y e q u a l , and t h e 

m e t a l f o r m a l l y r e c e i v e s t h r e e e l e c t r o n s from t h e l i g a n d , e.g. 

a 49 o 50 (n - C 3 H 5 ) F e ( C O ) 3 C 1 (n - C 3 H 5 ) M n ( C O ) 4 -

(d) a, n 3 - a l l y l : t h e group i s bonded t o t h e m e t a l u s i n g a 
, 51 

c o m b i n a t i o n o f a and tt bonds, e.g. (n -C^H^) P d C l ( P P h 3 ) . 

Replacement of the two t e r m i n a l c a r b o n atoms of t h e a l l y l 

group w i t h oxygen atoms g i v e s the c a r b o x y l a t o group, and r e ­

p l a c e m e n t o f a l l t h r e e c a r b o n atoms w i t h n i t r o g e n s t h e t r i -

azeno group. The bonding modes a r e c o r r e s p o n d i n g l y m o d i f i e d 

( F i g . 1 . 2 ) . The c a r b o x y l a t o - g r o u p can c o o r d i n a t e as (a) a 
2 8 

monodentate l i g a n d , e.g. Co (C^CCH.^ 4H 20; (b) as a c h e l a t i n g 
5 2 

l i g a n d , e.g. ( n 6 - C 6 H g ) Mo:(C 5H 5) (0 2CR) ; (c) as a b r i d g i n g 
30 

l i g a n d , (1) y 2 b r i d g i n g - ( i ) s y n - s y n , e.g. [Pd J(0 2CCH 3) (0.5H 20) , 
53 

( i i ) s y n - a n t i e.g. C u ( 0 2 C H 2 ) , ( i i i ) a n t i - a n t i , e.g. 
54 

M n ( 0 2 C M e ) 2 ( H 2 0 ) 4 ; (2) monatomic b r i d g i n g , e.g. Hg(0 2CMe) 

[ ( C g H ^ ^ ) 3 P ] ; ( 3 ) a d d i t i o n a l b r i d g i n g , e.g. C u ( 0 2 C M e ) ; ^ and 

(4) mixed arrangements i n v o l v i n g c h e l a t i o n and b r i d g i n g , e.g. 

(a) MeTiD(0 2CMe) , 5 3 o r (b) Cd (0 2CMe) 2 (H 20) 2 . 5 8 These bonding 

modes a r e d i s c u s s e d i n d e t a i l i n s e v e r a l r e v i e w s . ^ ^ 
The t r i a z i n o - g r o u p shows (a) monodentate, e.g. P t ( P P h 3 ) 2 

( P h N 3 P h ) 2 , 6 2 (b) c h e l a t i n g , e.g. CpMo(C0) 2 ( A r N 3 A r ) 6 3 and 
64 

(c) b r i d g i n g , e . g . N i 2 ( y - A r N 3 A r ) 4 modes of bonding ( F i g . 1 . 2 ) . 

A l l have been e s t a b l i s h e d by X - r a y c r y s t a l l o g r a p h y . 
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F o r t h e a m i d i n e s many of the p o s s i b l e bonding modes 

i l l u s t r a t e d i n F i g u r e 1.3 have been e s t a b l i s h e d by X - r a y methods, 

We s h a l l d i s c u s s amidino-complexes, the s y n t h e t i c methods u s e d 

t o produce them; s t r u c t u r a l a s p e c t s ; and i n d u s t r i a l a p p l i c ­

a t i o n s i n the c o u r s e of t h i s r e v i e w . The bonding modes a r e : 

(a) Monodentate: one n i t r o g e n i s a-bonded t o t h e m e t a l , t h e 

o t h e r i s not a t t a c h e d but has a l o c a l i s e d double bond t o the 

c e n t r a l carbon atom. Two compounds have been c h a r a c t e r i s e d 

by X-ray c r y s t a l l o g r a p h y - PtC gH 3(CH^JMe 2) 2 ( C 1 5 N 2 H 1 5 ) , 

and H g C 6 H 5 t p - t o l y l N C ( H ) N p - t o l y l ] . 6 6 

(b) , ( c ) , ( d ) C h e l a t e Complexes: the r e l a t i v e l y s m a l l s i z e of 

t h e four-membered r i n g , i n t r o d u c e s s t e r i c s t r a i n and d i s t o r t i o n 

o f t h e v a l e n c y a n g l e s . The c l a s s may be s u b d i v i d e d as 

f o l l o w s ( i ) a, a - s y m m e t r i c a l a t t a c h m e n t ; bonding d e l o c a l i s e d 
6 7 

e.g. P t [ P h N C ( P h ) N P h ] 2 / w h i c h has been c h a r a c t e r i s e d by X-

r a y c r y s t a l l o g r a p h y , ( i i ) a, a - u n s y m m e t r i c a l a t t a c h m e n t , one 

n i t r o g e n a-bonds t o the m e t a l , w h i l s t the o t h e r donates t o 

the m e t a l via i t s l o n e p a i r o f e l e c t r o n s , e.g. M e T a C l 2 { C ^ ^ N C -
( M e ) N C g H ^ } 2 , which has been c h a r a c t e r i s e d by X-ray c r y s t a l l o -

6 8 

graphy, ( i i i ) one n i t r o g e n o-bonds t o the m e t a l w h i l s t the 

l o c a l i s e d double bond i n t e r a c t s i n an a l k e n e t y p e manner. 

No amidine complexes of t h i s t y p e have been c h a r a c t e r i s e d . 
(e) n 3 - A l l y 1 : t h i s t y p e of amidine l i n k a g e i s n o t y e t known. 

( f ) /(g) B r i d g i n g : t h i s i n v o l v e s i n c o r p o r a t i o n of a n o t h e r 

m e t a l i n t h e r i n g . The m e t a l atoms may be the same as i n 

Mo 2{PhNC(Ph)NPh} 4, * or d i f f e r e n t as i n [ [ 2 , 6 ( M e 2 N C H 2 ) 2 C g H 3 ] 

[ p = t o l NC(H)N i - P r ] P t Hg Br C I ] . 7 0 
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( h ) , ( i ) C a r b a m o y l / I n s e r t i o n Complexes: i n s e r t i o n of a 

c a r b o n y l group i n t o t h e m e t a l t o n i t r o g e n amidine bond r e s u l t s 
71 

i n a complex known as a carbamoy1,e .g. R e ( C O ) 4 CONPhC(Ph)NPh . 

i n s e r t i o n of CH 2, and CgH^CN has a l s o been found. I n t h e 

f i r s t c a s e CH 2 i s i n s e r t e d between t h e m e t a l t o n i t r o g e n bond 

of a c h e l a t i n g a m i d i n e , i n t he complex [W2 (y-CO) 2 { y - H C (N-
3 , 5 - x y l y l ) 2 } 2 { H C ( N - 3 , 5 - x y l y l ) 2 } { ( N - 3 , 5 - x y l y 1 ) C H ( N - 3 , 5 - x y l y 1 ) -

72 

C H 2 > ] . I n t h e l a t t e r c a s e t h e t r e a t m e n t of P t ( P h C N ) 2 C l 2 

w i t h HN(Li)C(CgH 5)NH r e s u l t s i n n u c l e o p h i l i c a t t a c k a t the 

n i t r i l e t o form Pt{HNC (CgHj.) NC (CgH,.) NH} 2 which i n v o l v e s a s i x -
membered r i n g . The s t r u c t u r e has been e s t a b l i s h e d by c r y s -

73 
t a l l o g r a p h y . 

( j ) fl-Metallation: i f a n i t r o g e n s u b s t i t u e n t i s a r y l , ortho 

m e t a l l a t i o n may o c c u r forming a r e a s o n a b l y s t a b l e six-membered 

r i n g . A l s o i f t h e c e n t r a l carbon s u b s t i t u e n t i s a r y l o-

m e t a l l a t i o n can o c c u r h e r e t o g i v e a five-membered r i n g . A 

six-membered r i n g has been e s t a b l i s h e d f o r (ir-Cp) P d { p - t o l y l -
74 

N ( H ) C ( C H 3 ) N - p - t o l y l } , and a five-membered r i n g has been i n ­

d i c a t e d i n R e ( C O ) 3 {PhNC (CgH^) NHPh} {PhNC0?h) NH} by s p e c t r o s c o p i c 

m ethods. 7^ 
(k) C l u s t e r - C a p p i n g : The X-r a y s t r u c t u r e of '[ 0 s 3 (y-H) (CO) g 

75 

{NPhC (Ph) NH}], shows t h e a m i d i n o - l i g a n d c a p p i n g one t r i a n g u l a r 

f a c e o f osmium atoms, and f o r m a l l y d o n a t i n g f i v e e l e c t r o n s t o 

t h e c l u s t e r . 

(1) Carbene: t h i s mode of bonding was s i m p l y i n c l u d e d f o r 

the s a k e o f c o m p l e t e n e s s , s i n c e t h e complexes s h o u l d be r e ­

garded more as c a r b e n e s t h a n as amidino-complexes. One ex-
2+ 76 

ample i s (CH 3NC) 4Ru-C(NHCH 3) 2' 
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The amidine l i g a n d may a l s o form s i m p l e s a l t s , e.g. 

11 

[ P h C ( N H 2 ) 2 ] I c i s - ( O C ) 4 R e ( C H ^ C O ) 2 J , which has been e s t a b ­

l i s h e d by c r y s t a l l o g r a p h y . 

1.3 S y n t h e t i c Methods f o r A m i d i n e - T r a n s i t i o n M e t a l 
Complex P r o d u c t i o n 

F o r t h e s y n t h e s i s and p r o p e r t i e s of t h e l i g a n d s t h e r e 
7 8 — 80 

a r e t h r e e e x t e n s i v e r e v i e w s . The g e n e r a l methods em­

p l o y e d f o r t h e s y n t h e s i s of a m i d i n e - t r a n s i t i o n m e t a l com­

p l e x e s a r e as f o l l o w s : 
(a) R e a c t i o n of a l i t h i a t e d amidine w i t h a t r a n s i t i o n - m e t a l 

61 

h a l i d e in situ, e.g. 

n - b u t y l L i + [PhN(H)C(R)NPh] e t h e r ^ [ P h N ( L i ) C ( R ) N P h ] 

y e l l o w , a i r , and m o i s t u r e s e n s i t i v e . 

2 P h N ( L i ) C ( R ) N P h + P t ( P h C N ) 2 C l 2 » Pt(PhNC(R)NPh) 
81 

+ 2 L i C l o r a n o t h e r group l a s a l t , e.g. 

K ( H C ( N A r ) 2 ) + C p M o ( C 0 ) 3 C l » CpMo (HC (NAr) 2 ) (CO)- 2 

+ KC1 + CO. 

8 2 

(b) By the r e a c t i o n o f an amidine w i t h a m e t a l h a l i d e , e.g 

(Cp) Mo(CO) 3 C 1 + 2PhNHC(CH 3)NPh => C p M o ( C 0 ) 2 ~ 

{ C H 3 C ( N P h ) 2 > + [ C H 3 C ( N H P h ) 2 ] + C l ~ . 
(c) By t h e r e a c t i o n o f an amidine w i t h m e t a l c a r b o n y l s i n 

69 

a i r c a u s i n g d i s p l a c e m e n t o f t h e c a r b o n y l groups, e.g. 

2Mo(CO) 6 + 4PhHNC(Ph)NPh a i r c> Mo2 [PhNCNPh] 4 + 12C0 

+ 4H 20. 
(d) By t h e d i s p l a c e m e n t of s i l v e r h a l i d e s from t h e r e a c t i o n 

8 3 
of s i l v e r a m i d i n e s w i t h m e t a l h a l i d e s , e.g. 



l i 

A g { H C ( N P h ) 2 } + CpMo(CO) 3Cl *> CpMo (CO) {HC (NPh) } 

+ AgCl + CO. 

(e) The r e a c t i o n of c a r b o d i i m i d e w i t h a m e t a l h y d r i d e , e.g. 

OsH 2(CO) ( P P h Q ) 3 + P r 1 N = C = N P r 1 e> OsH{Me 2CHNC (H)NCHMe2 } 

(CO) (PPh-J „ , , ^ e a t t.—» OsH[CH„=C(Me)NC(H)NCHMe„]-
3 2 dehydrogenation 2 2 

( C O ) ( P P h 3 ) 2 . 8 4 

81 

( f ) The use o f copper a m i d i n e s , e.g. 

M o C P ( C O ) 3 C l + C u [ H C ( N - P - t o l y l ) 2 ] R ^ week * 

{ M o C p [ H C ( N - p - t o l y l ) 2 ] (CO) 2> + C u C l + CO. 

1.4 Amidine-Complexes 

(A) T i , Z r : D i a l k y l amides r e a c t w i t h a c e t o n i t r i l e t o g i v e 
85 

dark brown, a i r - s e n s i t i v e , i n s o l u b l e compounds, 

M(NMe 9) + yCH^CN M{N:C(Me)NMe 0}„ (NMe ) 

M = T i , Z r , Ta. C h a r a c t e r i s t i c N C — ^ N i . r . band 

1577-87 cm" 1. 

The p o s t u l a t e d s t r u c t u r e i s : ( F i g . 1 . 4 ) 

Me 
I 

Me N - Me 
\/--C / 

( F i g u r e 1.4) 
/ 

M X M 

(B) Nb and Ta; ( s e e a b o v e ) . The r e a c t i o n of ClMe MC1 C 

x 5-x 

(M=Nb, Ta; n = l , 2 , 3 ) , w i t h c a r b o d i i m i d e s RNCNR, ( R r i s o p r o p y 1 , 

c y c l o h e x y l , p ~ t o l y l ) , g i v e s p r o d u c t s of the t y p e s : 

MCl 4(RN-C(Me)=NR} , MeMCl 3 { RNC (Me) =-NR) , MC1 3 { RNC (Me) =NR) 2 . 
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_ n g g 
I n f r a - r e d v ( c N) bands were o b s e r v e d a t 16 35-1506 cm 
A number were l a t e r c h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y . 

O t her Tantulum and Niobium complexes have been s y n t h e s -

i s e d by r e a c t i n g a c e t a m i d i n e h y d r o c h l o r i d e w i t h the M(V) 

c h l o r i d e s (M=Ta o r Nb) i n the p r e s e n c e of a l a r g e e x c e s s of 

a c e t o n i t r i l e . The r e s u l t a n t [CH 3C(NH 2) 2]MC1 6.2CH 3CN] com­

pounds r e a c t f u r t h e r w i t h KSCN y i e l d i n g [CH 3C(NH 2) ]M(NCS) g. 

2CH 3CN. 8 7 

(C) Gr,Mo, and W: a number o f c a r b o n y l d i s p l a c e m e n t r e ­

a c t i o n s have been c a r r i e d o u t, b u t w i t h mixed s u c c e s s . 

2 M ( C 0 ) 6 + 8{RN(H)C(R)NR} ^ M2 [ RNC (R) NR] 4 + 12C0 + 4H 2 . 

(M=Cr,Mo and W; amidine = N,N' d i s u b s t i t u t e d f ormamidines, 

a c e t a m i d i n e s and b e n z a m i d i n e s ) . The formamidine complexes 
8 8 

were i n v e s t i g a t e d by V r i e z e . The t u n g s t e n d e r i v a t i v e was 

not W2 ( a m i d i n a t o ) 4 as e x p e c t e d b ut [W2 ( VJ-GO) 2 { 6 - H C (NR) 2 } 2 

{(N-R)CH(N-R)CH 2>], a n o v e l complex c o n t a i n i n g a CH 2 group 

i n a c h e l a t i n g formamidino group, two b r i d g i n g c a r b o n y l 

groups, and two b r i d g i n g formamidino groups. The s t r u c t u r e 
72 

was c o n f i r m e d by X - r a y c r y s t a l l o g r a p h y . The r e a c t i o n o f 

th e above t e t r a k i s a m i d i n e complexes w i t h more h e x a c a r b o n y l 

y i e l d e d (1) Mo; Mo 2{HC(NR) } { H C ( N R ) - M o ( C O ) 3 } 2 and M o 2 ( H C ( N R ) 2 > 3 

{HC(NR)'Mo(CO) 3>, and (2) C r ; o n l y C r 2 { H C ( N R ) 2 ) 3 { H C ( N R ) • C r ( C O ) 3 } , 

The M ( C 0 ) 3 fragment i s bonded t o one of the a r o m a t i c groups. 

Monomer-dimer e q u i l i b r i a a r e shown by t h e complexes i n s o l u t i o n , 

and a r e v e r y dependent on R. 
With b e n z a m i d i n e s , the t e t r a k i s d i m o l y b d e n u m compound has 

69 
been d e t e r m i n e d c r y s t a l l o g r a p h i c a l l y . The chromium p r o d u c t 
was a r e d i n s o l u b l e c r y s t a l l i n e m a t e r i a l w h i c h a n a l y s e d as 

69 
C r 2 ( a m i d i n a t o ) 4 . The t u n g s t e n r e a c t i o n gave a r e d c r y s t a l l -

69 
i n e s o l i d w h i c h was n o t f u l l y c h a r a c t e r i s e d . 
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The tetraethylammon i u m s a l t s of the formamidino-metal 

c a r b o n y l a n i o n [ M ( C O ) 4 { H C ( N R ) 2 > ] ~ (M=Cr, Mo o r W, R = a r y l , 

t - b u t ) , have been made via t h e 1:1 r e a c t i o n of N E t ^ [ M ( C O ) ^ C l ] 
89 

w i t h p o t a s s i u m f o r m a m i d i n e s . The r e a c t i o n o f N E t 4 [M (CO) ,-Cl] 

w i t h N,N'dimethylforma m i d i n e y i e l d e d t h e carbamoyl d e r i v ­

a t i v e NEt 4tM(CO) 4{MeNCHN(CO)Me}] (M=Cr, Mo, W). F l u x i o n a l 
13 

b e h a v i o u r of the t e r m i n a l c a r b o n y l s i s i n d i c a t e d by C n.m.r., 

and when h e a t e d w i t h t r i p h e n y l p h o s p h i n e o r p y r i d i n e , c a r b o n y l 

s u b s t i t u t i o n o c c u r s t o g i v e j-ac NEt^ [M(CO) 3 t ( H C (NR) } ] (M=Mo, 

W) (L = TPK^,?y). 

C o t t o n found a m i d i n e s t o be i d e a l f o r the promotion o f 

m e t a l - m e t a l bonding b e c a u s e o f t h e i r b r i d g i n g c h a r a c t e r i s t i c s . 

The complexes were produced by the r e a c t i o n of l i t h i o a m i d i n e s 

w i t h t e t r a k i s a c e t a t e - m e t a l complexes. The complexes were 

i d e n t i f i e d by X-ray c r y s t a l l o g r a p h y and a c c u r a t e mass, mass 

s p e c t r o m e t r y . The f o l l o w i n g were p r e p a r e d : ( i ) C r 2 ( C H ^ N ( P h ) -

N C H 3 ) 4 ; 9 0 ( i i ) Mo2 f [(2 , 6-xy l y 1) N 2 ] (CCH^) 21(CH 3C0 2) 2 4 T H F ; 9 1 

( i i i ) Mo2 (PhN) 2 C C H 3 > 3 ( C H 3 C 0 2 ) ; 9 1 ( i v ) W2 {(PhN) 2 C C H 3 } 2 

92 

(dmph) 2 2THE; (dmph = the a n i o n of 2,4-dimethy1-6-hydroxy-

p y r i m i d i n e ) . 

C y c l o p e n t a d i e n y 1 m e t a l amidine complexes have been w e l l 

s t u d i e d , V r i e z e documenting t h e formamidines, K i l n e r t h e 

formamidines, a c e t a m i d i n e s and b e n z a m i d i n e s , and Brtnner t h e 

o p t i c a l l y a c t i v e b e n z a m i d i n e s . 

Molybdenum and t u n g s t e n formamidine c y c l o p e n t a d i e n y 1 

complexes were produced by a number of r o u t e s , t h e molybdenum 

r e a c t i o n s b e i n g t h e most e x t e n s i v e l y s t u d i e d : 
C H 

(1) M o C p ( C 0 ) 3 C l + K { H C ( N - p - t o l y l ) 2 > R T ^ r o MoCp{HC ( N - p - t o l y l ) 2\ 

( C O ) 2 + M o C p { H C ( N - p - t o l y l ) N ( C O ) - p - t o l y l } ( C O ) 2 + KC1 + CO. 
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The p r o d u c t complexes were s e p a r a t e d by chromatography, t h e 

l a t t e r b e i n g of t h e carbamoyl t y p e , 
CfiH 

(2) MoCp(CO) 3Cl + M ^ { H C ( N - p - t o l y l ) 2 > R T / ° ° e e k * MoCp{HC(N-p-
i n t h e dark 

t o l y l ) 2 ) ( C O ) + M'Cl + CO. 

{ M O C P ( C O ) 3 } 2 + 2 M ' { H C ( N - p - t o l y l ) 2 } ^ ^ T w e e k s * 

2 M o C p { H C ( N - p - t o l y l ) 2 ) ( C O ) 2 + 2M' + 2 CO. 

(3) MoCp(CO) 3Cl + 2 HC ( N - p - t o l y l ) ( N H - p - t o l y l ) ^ ^ / ^ h r s ! 

M o Cp{HC(N-p-tolyl)) 2 (CO) + {HC ( N H - p - t o l y l ) 2 } C 1 | + CO. 

= Cu o r Ag. 

(4) M C p (CO) 3Cl + N,N'dimethyIformamidine e> [MCp-{HC (NMe) N 

(CO) Me} (CO) 2 . [MCp{HC(NMe) 2 } (CO) 2 ] . 
109 

(M = W or Mo) . 

U s i n g s y m m e t r i c a l l y s u b s t i t u t e d p o t a s s i u m formamidines 

MCp{HC(NR) 2)(CO) and MCp{HC(NR)N(CO)R}(CO) 2 were f o r m e d . 9 3 

S e p a r a t i o n was c a r r i e d o u t by column chromatography, (M=Cr, Mo 

and W). The n o v e l chromium a n a l o g u e s were p r e p a r e d "in situ" 

from C r C p ( 0 0 ) 3 I . One complex WCp{HC (NPh) N (CO) Ph} (CO) , showed 

t e r m i n a l CO exchange on t h e N.M.R. time s c a l e ? t h e o t h e r s 

were s t e r e o c h e m i c a l l y r i g i d . P r o d u c t r e l a t i v e m olar r a t i o s 

were found t o be h i g h l y dependent on t h e molar r a t i o s o f the 

s t a r t i n g m a t e r i a l s . As an e x t e n s i o n t o t h i s work, complexes 

o f t h e t y p e [ M C p { H C ( N - p - t o l y l ) 2 } ( C O ) L ] , (M=Mo, W; L=PPh 3, 

A s P h 3 , SbPh 3, P ( 0 P h ) 3 , P ( 0 M e ) 3 ) were p r e p a r e d by t h e r e a c t i o n 
9 4 

of MCpfCO^Cl w i t h p o t a s s i u m N, N" d i - p - t o l y I f o r m a m i d i n e . 

The r e a c t i o n o f t h e dimer {MCp(NO)X 2> 2 (X=C1, B r , I ) w i t h 

t he p a r e n t formamidine y i e l d e d t h e complexes MoCp{HC(N-p-tolyl) 

(NO)xh The e f f e c t s o f both L and X on 1 3 C N.M.R. f r e q u e n ­

c i e s were n o t e d , L a p p e a r i n g t o c a u s e a l a c k of c o r r e l a t i o n 



l b 

13 i n C-CO f r e q u e n c i e s w h i c h had p r e v i o u s l y been found f o r 
M(CO)(-L complexes. 

82 95 — 97 

K i l n e r , ' found t h a t both l i t h i o a m i d i n e s and 

p a r e n t a m i d i n e s , r e a c t e d w i t h v a r i o u s m e t a l c y c l o p e n t a d i e n y l 

complexes (M=W and Mo) i n t h e f o l l o w i n g ways: 

( i ) MoCp(CO) 3Cl + L i {RNC (R) NR'} {MoCp(CO) 2 — 

CON(R')C(R)NR'}orH 2NC(Ph)NH ( I ) 

y e l l o w / c a r b a m o y l 

(R=H, R' = Ph; R = Me, R' = H, Ph, p . f t o l y l ; R=Ph,R'=Me) . 
( i i ) M oCp(CO) 3Cl + N , N ' d i s u b s t i t u t e d amidine 

MoCp(CO) 2 (R'NC(R)NR') ( I I ) 

( i i i ) M o C p ( C O ) 2 ( P P h 3 ) C l + L i { R ' N C ( R ) N R ' } * ( I I ) 

I t i s p o s t u l a t e d t h a t t h e mechanism i n ( i ) i s t h a t of 

n u c l e o p h i l i c a t t a c k a t a c a r b o n y l group, and t h a t of a t t a c k a t 

t h e m e t a l c e n t r e i n ( i i ) . D e c a r b o n y l a t i o n from ( I ) t o ( I I ) 

was a c h i e v e d i n s m a l l y i e l d s by t h e r m o l y s i s and p h o t o l y s i s . 

I.R. d a t a s u p p o r t e d t h e g e n e r a t i o n o f [CpMo(CO) 3{RNCRN(Me)R'}] +I~ 

i n p h o t o l y t i c r e a c t i o n s c a r r i e d out i n t h e p r e s e n c e of me t h y l 

i o d i d e . A t t e m p t s t o i n s e r t c a r b o n monoxide i n t o MCp(CO) 2 — 
97 

( a m i d i n a t o ) bonds (M=W and Mo), proved u n s u c c e s s f u l . The 
N,N'diphenylbenzamidino complex was c h a r a c t e r i s e d by X-ray 

9 8 
c r y s t a l l o g r a p h y . 

B r u n n e r thfbugh h i s i n t e r e s t i n a s y m m e t r i c c a t a l y s i s has 

s t u d i e d a number o f o p t i c a l l y a c t i v e molybdenum c y c l o p e n t a d i e n y l 
99-108 

a m i d i n a t o - c o m p l e x e s . The r e a c t i o n of M o C p ( C 0 ) 3 C l w i t h 

an N , N ' d i s u b s t i t u t e d a midine i n p y r i d i n e gave MoCp(C0) 2 ( a m i d i n ­

a t o ) complexes. Work w i t h l i t h i o a m i d i n e s d e s c r i b e d p r o d u c t s 
9 8 

s i m i l a r t o t h o s e p r e v i o u s l y formed by K i l n e r . Brunner a l s o 

found t h a t t h e r e a c t i o n o f l i t h i a t e d a m i d i n e s , carbon d i s u l p h i d e 
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and MoCp(CO^)Cl r e s u l t s i n the f o r m a t i o n of (a) and (b) i n 

F i g u r e 1.5. 
0 

C p ( C O ) 0 M o ^ ^ O S + Cp(CO)„Mo ^ N—H 
N \ C 

(a) J, N (b) 

Ph NH, 

( F i g u r e 1.5) 

(R = Me and Ph; when R=Ph o n l y (a) was formed). 

MoCp(CO) 3Cl and a m i d i n e s r e a c t e d t o form t y p e ( I I ) 

c omplexes. By u s i n g o p t i c a l l y a c t i v e a m i d i n e s t h e Mo becomes 

an a s y m m e t r i c c e n t r e , and p a i r s of d i a s t e r e o i s o m e r s a r e formed. 

With r a c e m i c c h i r a l a m i d i n e s d i a s t e r e o i s o m e r i c p a i r s of e n a n t i o -

mers were o b t a i n e d and s e p a r a t e d by f r a c t i o n a l c r y s t a l l i s a t i o n . 

The c o n f o r m a t i o n s o f t h e complexes were d e t e r m i n e d by v a r i o u s 

methods, viz. X-ray c r y s t a l l o g r a p h y , "̂H h i g h - f i e l d n u c l e a r 

O v e r h a u s e r e f f e c t d i f f e r e n c e s p e c t r o s c o p y , and c i r c u l a r d i -

c h r o i s m measurements. Of t h e f o u r o p t i c a l l y a c t i v e compounds 

d e t e r m i n e d by X"ray c r y s t a l l o g r a p h y , t h e c o n f i g u r a t i o n (a) 

( F i g . 1.6) was the most p r e f e r r e d : 

Q 
O 

(a) 

( F i g u r e 1.6) 
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The i m p o r t a n c e o f t h i s work l i e s i n t h e f i e l d of a s y m m e t r i c 

c a t a l y s i s i n p a r t i c u l a r i n p r o v i d i n g i n s i g h t i n t o the way i n 

w h i c h c h i r a l i n f o r m a t i o n may be t r a n s m i t t e d . 

97 109 110 

(D) Mn and Re: K i l n e r ' ' found t h a t t h e r e a c t i o n o f 

l i t h i o a m i d i n e s w i t h Mn(C0) 5X (X=C1, B r , or I ) y i e l d e d t h e 

carbamoyl complexes M n ( C 0 ) 4 {CO.N (R') .C (R) .NR'}. The f a i l u r e 

t o i n s e r t CO i n t o Mn-N amidine bonds, favours a mechanism p r o ­

c e e d i n g by n u c l e o p h i l i c a t t a c k a t a c a r b o n y l group of 

M n ( C 0 ) 5 B r . I n c o n t r a s t t o o t h e r c a r b a m o y l s , t h e s e amidino-

c a r b a m o y l groups can be d e c a r b o n y l a t e d by U.V. i r r a d i a t i o n t o 

form M n ( C 0 ) 4 {R'NC(R): NR'} complexes. T h e r m o l y s i s of t h e 

c a r b a m o y l s a l s o c a u s e d d e c a r b o n y l a t i o n , b u t when a c h i e v e d 

under a h i g h p r e s s u r e o f carbon monoxide t h e f i r s t example o f 

an amino-manganese c a r b o n y l complex Mn(CO),. { N ( P h ) . C ( P h ) : N P h ) 

was a l s o formed. 

Abel,"'"1'1" h as i n v e s t i g a t e d t h e analogous formamidine 

complexes. Both t h e monomeric and t h e d i m e r i c c a r b o n y l ^alioief 

M n(C0) 5X 3j\A { M n ( C O ) 4 X } 2 y i e l d Mn (CO) 4 {RNCHNR} complexes. 

U s i n g analogous rhenium monomeric and d i m e r i c c a r b o n y l c h l o r ­

i d e s , s i m i l a r c a r b a m o y l and formamidino complexes t o t h o s e 

d e s c r i b e d above f o r manganese were formed. 

112 

C o t t o n , as p a r t o f h i s s t u d i e s i n m e t a l - m e t a l bonding, 

r e a c t e d tetrabutylammonium o c t a c h l o r o d i r h e n a t e and t h e a m i d i n e s 

N , N ' d i p h e n y l a c e t a m i ^ d i n e and N,N'dimethylbenzamidine i n the 

m e l t t o y i e l d R e 2 C l 4 { ( P h N ) 2 C C H 3 } 2 and R e 2 . { ( M e N ) 2 C P h } 4 C 1 2 C C 1 4 

r e s p e c t i v e l y . The complexes were c h a r a c t e r i s e d , by mass 

s p e c t r o s c o p y and X - r a y c r y s t a l l o g r a p h y . 

71 74 

K i l n e r ' h as e x t e n s i v e l y i n v e s t i g a t e d rhenium c a r b o n y l 

complexes o f the N , N ' d i a r y l a m i d i n e s , viz. 
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R e ( C O ) 5 X 

and o r { R e ( C O ) ^ X ] 2 

(X=C1 o r Br) 

e x c e s s 
L i a midine 

L i [Re (CO) 3 { C O N ( R ' ) C ( R ) N R ' } 2 ] 

N , N ' d i a r y l 
a midine ^ R e ( c 0 ) { R'NC (R) NR'"} X 
hv o r AH 4 

(R'=Ph o r C 6H 4~Me-p) 
l i Bu 

<» Re (CO) ̂  { R'NCRNR' } 

L i amidine 

AH 

Re (CO) 4 { C O N ( R ' ) C ( R ) N R ' } ( I I I ) 

e x c e s s amidine Re(CO) 4{R'NC(R)NR'} 

+ O - m e t a l l a t e d 

Re (CO) . { R'NC ( R) NHC.H-.R' ' } { R'NC (R) NHR' } (R"=H or Me. 
4 b J 

R e 2 ( C O ) 1 Q + N , N " d i a r y l a m i d i n e r e f l u x ^ Re ( C O ) 4 { R ' N C ( R ) N R ' } . 

R e ( C O ) 3 (L) {R'NC (R) NR'} ( I V ) complexes were p r e p a r e d by de-

c a r b o n y l a t i o n o f ( I I I ) o r by t h e r e a c t i o n of R e ( C O ) 4 L B r w i t h 

a m i d i n e s i n r e f l u x i n g t o l u e n e (L=PPh 3 o r A s P h ^ ) . The r e ­

a c t i o n s t o p s a t t h e i n t e r m e d i a t e compound Re(CO) ^ ( P P h ^ ) { R ' N C ( R ) -

N(Me)R'}Br when an N N N * t r i s u b s t i t u t e d amidine i s us e d . Re­

l a t e d complexes t o t h i s were made by r e a c t i n g ( I V ) w i t h hydro-

bromic a c i d . 

RefCOJ.X + amidine m o n o g j - v m e o Re(CO).{R'NC(R)NHC,H,R'*-p} 
5 r e f l u x 3 6 3 

{R'NC(R)NHR'} (R=H,R'=Ph; R"=H; R=Me or Ph, R'=C 6H 4Me-p, 

R"=Me; R=Me o r PhR'=Ph, R"=H) . These complexes c o n t a i n 

six-membered O - m e t a l l a t e d r i n g s . B e n z a m i d i n e s (R=Ph) produce 

i n a d d i t i o n i s o m e r i c complexes i n which 0 - m e t a l l a t i o n of t h e 

s k e l e t a l c a rbon s u b s t i t u e n t o c c u r s to g i v e complexes h a v i n g 

five-membered O - m e t a l l a t e d r i n g s . A 1,3-proton s h i f t mechan­

ism f o r O - m e t a l l a t i o n was e l i m i n a t e d , and t he complexes and 

t h e i r r e a c t i o n schemes were d i s c u s s e d on the b a s i s of I.R. 
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1 13 

and H and C N.M.R. d a t a . E l e m e n t a l a n a l y s i s and mass 

s p e c t r o s c o p y were a l s o u s e d t o c h a r a c t e r i s e t h e complexes. 

173 

T o n i o l o found t h a t R e ( C O ) 3 ( P P h 3 ) 2 r e a c t s w i t h 

L i { ArNC (H) NAr } , (Ar=p-CH 3C gH 4 , CgHg, p - C l C g H 4 , o-F-CgH^ 

i n b o i l i n g T.H.F. t o y i e l d t h e complexes R e ( C O ) 2 ( P P h 3 ) 2 — 

{ArNC(H)NAr}. S i g n i f i c a n t I.R. bands i n the 1620-1218 cm" 1 

r e g i o n i n d i c a t e d an N-C-N d e l o c a l i s e d s y s t e m . One of t h e 

complexes (Ar=Ph) was shown by X-ray c r y s t a l l o g r a p h y t o have 

a s y m m e t r i c a l l y bound d e l o c a l i s e d amidino group. 
R e c e n t l y the benzamidinium s a l t of a r h e n i u m a c e t y l -

77 

a c e t o n a t e a n i o n was c h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y . 

(E) F e , Ru, and Os: t h e s t u d i e s of i r o n a m i d i n e s have been 

l i m i t e d by the v e r y u n s t a b l e and d i f f i c u l t t o c h a r a c t e r i s e 

c omplexes. 

(1) C p F e ( C 0 ) 2 C l + L i amidine » u n s t a b l e p r o d u c t -
114 

d i f f i c u l t t o c h a r a c t e r i s e 
(2) F e ( C O ) 4 X 2 + L i amidine » " F e ( C O ) 4 [ ( N R ) 2 C ( R ) ) I " 

(X = B r o r I ) A 1 2 0 3 

Fe(CO) 4 { R N ( H ) C ( R ) N R } 

The above f o r m u l a t i o n s a r e b a s e d m a i n l y on i n f r a - r e d d a t a , 
113 

t h e complexes b e i n g a i r , m o i s t u r e and t h e r m a l l y s e n s i t i v e . 

I r o n ( I I I ) c h l o r i d e and i r o n ( I I ) c h l o r i d e r e a c t w i t h 

R ' N ( L i ) C ( R ) N R ' (R=CH 3, R'=Ph) to produce h i g h s p i n 

F e { R ' N C ( R ) N R ' } 3 and p o l y m e r i c [ F e { R ' N C ( R ) N R " } 2 ] 3 r e s p e c t i v e l y . 

The complexes f a i l e d t o r e a c t w i t h , o r were decomposed by, a 

number o f r e d u c i n g e l e c t r o p h i l i c and n u c l e o p h i l i c r e a g e n t s . 

The e x c e p t i o n was t h e b l u e Fe{p-CH 3C gH 4NC (CH 3)(N-p-CH 3C 6H 4} 3 

complex whi c h r e a c t e d r e a d i l y w i t h n i t r i c o x i d e t o form a 

p u r p l e a d d i t i o n complex from which the N-nitroso-compound 
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tp-CH 3C 6H 4NC(CH 3)N(NO)-p-CH 3C 6H 4] was o b t a i n e d 

115 

114 

H i e b e r , o b t a i n e d amidine s a l t s from the r e a c t i o n of 

t h e d i m e r s [ M ( N O ) 2 B r ] 2 w i t h N-pheny l b e n z a m i d i n e , (M=Fe,Co) 

f o r m u l a t e d as { ( O N ) 2 M ( H 2 N C ( P h ) N P h } + B r ~ . 

Robinson, 184 found t h a t t h e r e a c t i o n s of c a r b o d i i m i d e s 

(Pr 1N=C=NPr 1) w i t h [ R u H ( X ) ( C O ) ( P P h 3 ) ] (X=C1, Br) complexes 

i n r e f l u x i n g benzene i n v o l v e d i n s e r t i o n of t he c a r b o d i i m i d e 

i n t o t h e Ru-H bond and c o n c o m i t a n t d e h y d r o g e n a t i o n of an 

i s o p r o p y l group t o y i e l d t h e complexes [RuX{CH 2~C(Me)— 

The c h e l a t e n a t u r e o f the 

l i g a n d was e s t a b l i s h e d by X-ray c r y s t a l l o g r a p h y . He found 

N — CH — N C H M e 2 l ( C O ) ( P P h 3 ) 2 ] . 

a l s o t h a t 0 s H 2 ( C 0 ) ( P P h 3 ) 3 r e a c t e d w i t h P r 1 N = C = N - P r 1 , 84 

t o a f f o r d t h e i n t e r m e d i a t e OsH(Me 2HCN -CH— NCHMe2) (CO) ( P P h 3 ) 2 

w h i c h , on f u r t h e r h e a t i n g , d e hydrogenates to y i e l d [OsH{CH 2 = 

C(Me)N — CH — N C H M e 2 ) ( C 0 ) ( P P h 3 ) 2 ] . Some osmium c l u s t e r s 

have a m i d i n e s as c a p p i n g l i g a n d s . N,N d i b e n z y l - o r d i i s o p r o p y l -

f ormamidines r e a c t w i t h O s 3 ( C O ) 1 2 and 0 s 3 ( C O ) 1 Q ( c y c l o o c t e n e ) 2 

t o y i e l d H0s 3(CO) (k-PrNCHN«-Pr) and H,0s,(CO) Q(PhCH,NCHNCH,-

CgH^) r e s p e c t i v e l y , 1 1 ^ 

a t e d group ( F i g u r e 1.7) 

2 ^ 3 v — , 9 n~„2^^„2 

the l a t t e r c o n t a i n i n g an ortho-metall-

H 
I 
C 

PhCH 2 I A ^ C H 2 P h 

0 s 3 ( C 0 ) 1 0 ( C g H 1 4 ) 2 P h C H N : C H N H C H P h 
o ( C 0 ) 4 0 s s 

N N 
I 

0$(CO) 

C CH 125°C 

(OC) Os 

0,r 
/ \ H 

(CO) . 

( F i g u r e 1.7) 
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75 Lewis rea c t e d Os^(CO)^ Q(NCMe) 2 with amidines y i e l d i n g 
the complexes Os 3(u-H)(CO) l Q{NCH(Me)NH} and Os 3(y-H) (CO) 
{NPhC(Ph)NH}. The complexes were thermally decarbonylated 
to the monocarbonyls, one of which Os^ (j»-H) (CO) ̂  (MeCN,,^) 
e x i s t s i n tautomeric form. 0s 3(y-H)(CO) {NPhC(Ph)NH) was 
c h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y . 

Treatment of [MH 2(PPh 3) 4] M=Ru or Os, with p - t o l y l i s o -

cyanate y i e l d e d the formamidinato compounds MH{RNC(H)NR}(CO) 
11*7 ~ 8 

( P P h 3 ) 2 • The ruthenium complex was found to be the 
same as t h a t s y n t h e s i s e d p r e v i o u s l y using d i - p - t o l y l carbo-

84 

diimide. However, the l e s s l a b i l e osmium complex, r a t h e r 

than isomerisingtothe thermodynamic a l l y more favoured s t r u c t u r e 

(V), which i s p r e f e r r e d by the ruthenium complex, p r e f e r s 

s t r u c t u r e V I , ( F i g . 1.8). 

? R 
Ph P I o I 

Ru r C — H ^—-• Os C - H 

' N PPh 1 ^ 3 I P P h 3 OC 
R R 

(V) (VI) 

(Figure 1.8) 

The formation of the formamidinato li g a n d i s thought 

to involve the fragmentation of at l e a s t two i socyanates; and 

the o v e r a l l s toichiometry: 

R u H 2 ( P P h 3 ) 4 + 2RNC0 o RuH{RNC(H)NR} (CO) ( P P h 3 ) 2 + PPh 3+OPPh 3 

or 

O s H 4 ( P P h 3 ) 3 + 2RNC0 » OsH{RNC(H)NR} (CO) ( P P h 3 ) 2 + OPPh 3 + H 2 

174 
Robinson has a l s o i n v e s t i g a t e d the r e a c t i o n of the 
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carbodiimide (Pr 1N=C=N-Pr 1) with s e v e r a l types of hydrides 

to a f f o r d products c o n t a i n i n g the bidentate N,N'di-p-toiyl-

formamidinato ligand-L. The hydrides [MHX(CO)(PPh 3) 3] 

(M=Ru, Os; X=C1, Br, or OCOCF 3), [MH 2(CO)(PPh 3) 3], 

[ R u H 2 ( P P h 3 ) 4 ] , [ O s H 4 ( P P h 3 ) 3 ] , [ I r H C l 2 ( P P h 3 ) 3 ] , ( t r a n s c h l o r ­

i d e s ) , and m e r - [ I r H 3 ( P P h 3 ) 3 ) y i e l d e d the complexes (MX(L)(CO)-

( P P h 3 ) 2 l , (two isomers), [MH(L)(CO)PPh 3) 2], [M(L) 2(PPh 3) ] , 

[ I r . C l 2 ( L ) ( P P h 3 ) 2 ] and [ I r H 2 ( L ) ( P P h 3 ) 2 ] r e s p e c t i v e l y . The 

s t r u c t u r e s and stereochemistry of the new complexes was deter-
1 31 

mined by H and P N.M.R. The s t r u c t u r e of t r a n s 

[RuH(L)CO(PPh 3) 2] was determined c r y s t a l l o g r a p h i c a l l y . 
Osmium eent a c h l o r i d e r e a c t s with t r i c h l o r o a c e t o n i t r i l e 

r i : 
i n the presence of c h l o r i n e y i e l d i n g C l 4 0 s [ N C ( C C 1 3 ) N C C 1 ( C C 1 3 ) ] 2 , 

which undergoes an exchange r e a c t i o n with PPh^Cl to produce 

P P h 4 [ C l 5 0 s { N C ( C C l 3 ) N C C l ( C C l 3 ) } ] . C H 2 C 1 2 . I t has the follow­

ing i n t e r e s t i n g s t r u c t u r e ( F i g . 1.9) 

PPh 
C-Cl 

(Figure 1.9) 

120 
(F) Co, Rh, I r : (See Ru), Olsen, has determined the 

s t r u c t u r e of acetamidinium t e t r a c h l o r o c o b a l t a t e , i n which 

each c a t i o n i s shared by two anions thus forming an i n f i n i t e 

two-dimensional array. 

121 

Minghetti has compared the d i r e c t a d d i t i o n of two 

d i f f e r e n t N,N diarylformamidines L=(H-C=N(Ar)(NH(Ar), to 

metal s a l t s . I t was found that when Ar = p-nitrophenyl, 

the amidine was u n r e a c t i v e , r e a c t i o n with cadmium bromide, z i n c bromide, c o b a l t c h l o r i d e , [ ( C 0 ) 2 R h C I ] 2 or s i l v e r f l u o r o -
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borate y i e l d i n g no complex d e r i v a t i v e s . However when 

Ar=p-tolyl, the following formed; I^CoCl,, ( b l u e ) ; [LH 2] 

[CoCl 4] ( t u r q u o i s e ) ; (CO) 2RhClL (pale y e l l o w ) ; L 2 ^ n B r 2 ( w h i t e ) ; 

L 2 C d B r 2 ( w h i t e ) ; L 3 C d 2 B r 4 ( w h i t e ) ; LHgCl 2 ( y e l l o w ) ; [ L 2 A g ] + 

BF^ (wh i t e ) ; and L2AgNO^ (wh i t e ) . The i n a c t i v i t y of the 

p-nitropheny1 s u b s t i t u t e d formamidine was explained by the 

e l e c t r o n withdrawing group i n the aromatic r i n g . 

122 

Attempts by K i l n e r to use the l i t h i o amidine route 

have proved u n s u c c e s s f u l , 
C o C l 2 + L i amidine - o n o g l y m e o l i g h t blue s o l i d + L i C l 

( inseparable) 

Rh(n-C 5Me 5)Cl(RNC(R')NR) ( V I I ) , where R'=H or Me was 

prepared from the r e a c t i o n of [Rh 2(n 5-C^Me^)Cl^] with 

[RN(H)C(R')NR] i n the presence of base, or by r e a c t i o n with 

Ag(RNC(R')NR) or K(RNC(R')NR). 1 2 3~ 4 The r e a c t i o n s of ( V l l ) 

have been e x t e n s i v e l y s t u d i e d : 

CS 
(V I I ) — [ R h ( n - C 5 M e 5 ) C l [ S C { N ( p - t o l y l ) C H N ( p - t o l y l ) S } ] . 

d i t h i o carbamate 

r^C5Me5) C l [CO-N ( p - t o l y l ) CHN ( p - t o l y l ] . 

arbamoy1. 

Rh (n-C 5Me 5) Cl{ PhN^C[N-p-tolyl]CHN[p-tolyl]}S 

t h i o u r i d o . ( s t r u c t u r e c h a r a c t e r i s e d by 

r y s t a l l o g r a p h y ) o 

[Rh(0-C 5Me 5)L[RNC(CH 3)NR] [PF g ] . 

(L - lieCN or PPh 3 > R=p-tolyl) . 

125 

P i r a l n o s y n t h e s i s e d [Rh (dioD(formamidine) ] ̂  ( d i o l = 

c y c l o o c t a - l , 5 - d i e n e , ( V I I I ) ; d i o l = norbornadiene ( I X ) ; 
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formamidine = N,N'di-p-tolylformamidine). The complexes 

are dimeric and bridged by the formamidine l i g a n d . The 

complexes r e a c t with carbon monoxide, bis(1,2-diphenylphos-

phino)ethane (dppe) and PPh^ with displacement of the diene 

li g a n d to y i e l d [Rh(CO) 2{RNC(H)NR}] 2, [ R h ( d p p e ) 2 ] + and 

[Rh (PPh 3) 2{RNC (H) NR} ] r e s p e c t i v e l y . The l a t t e r complex was 

only i s o l a t e d as an 0 2 adduct. With HCl or HBF^(aq.), ( V I I I ) 

and (IX) form the formamidino c a t i o n [ p - t o l y l NHC(H)NH-p-tolyl] + 

and [ R h ( d i o l ) X ] 2 X=C1,F. [R h ( C g H 1 2 ) formamidine] 2 r e a c t s 

with CS 2, S0 2, PhNCS and PhNCO with diene replacement; however 

the only i s o l a t e d product was [ R h ( C S ) 2 (formamidine)], to which 

a polymeric s t r u c t u r e was assigned. 

The r e a c t i o n of [Rh(CO) 2Cl ] 2 with Li{RNC(R')NR} where 
125 

(R'=H or Me) has been i n v e s t i g a t e d by both Abel and 
127 

Connelly. The complexes are thought to be b i n u c l e a r 

bridged s p e c i e s , ( F i g . 1 . 1 0 ) : 

\ X s 
OC N ^ N CO 
\ / \ X 

Rh ^Rh (Figure 1.10) 
/ \ / \ 

OC N „ N CO 

1 X« 
An intermediate, unstable and d i f f i c u l t to i s o l a t e was 

noted when R'=H. I t i s thought to be Rh (CO) 3N ( C ^ X ) CH : N-

(CgH 4X) (X=F or C I ) , which can e a s i l y lose CO to form the 

bridged dimers. {Rh(RNC(Me)NR)(C0 2)} 2 undergoes the r e ­

a c t i o n s , ( R = p - t o l y l ) : 
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PPh., 
J o [Rh~ {RNC(Me)NR}„ (CO) - (PPh.,) ] s u b s t i t u t i o n 2 2 3 3' 

o x i d a t i v e addition 

[ { RhI (RNC (Me) NR) ( C O ) ^ ] , 

[Rh(CO)L 2(MeC(=NR)NHR}][BF 4] has a l s o been prepared 

d i r e c t l y from the appropriate d i a r y l acetamidine and 

[ R h ( CO)L 2(OCMe 2)][BF 4]. (L = PPh 3) R=Ph or p - t o l y 1 ) . 1 2 8 

129 

As p a r t of h i s s t u d i e s i n asymmetric c a t a l y s i s , Brunner 

found that [RhCl(CgH^ 4)^] , together with the o p t i c a l l y a c t i v e 

amidines (i—°v.) (Fig.1.11) or t h e i r l i t h i u m d e r i v a t i v e s , 
( i ) ; R = CH 2(C 6H 5: 

( i i ) ; R = C 6H 5 

o 
H 

( i i i ) ; R = CH(CHj) 2 

( i v ) ; R = (S)CH(CH 3)(C 6H 5) 

(Figure 1.11) >^|^H ( v ) ; ( R ) C H ( C H 3 ) ( C 6 H 5 ] 

' CH 
C 6 H 5 

produce c a t a l y s t s a f t e r a c t i v a t i o n with molecular hydrogen. 

At room temperature and 1:1 bar H 2 pressure the c a t a l y s t s 

hydrogenate the p r o c h i r a l s u b s t r a t e s ( Z ) - a (N-acetylamino)-

cinnamic a c i d , i t a c o n i c a c i d , a-methylcinnamic a l c o h o l , as 

w e l l as cyclohexane, benzene, and toluene. However, the 

c a t a l y t i c hydrogenation a c t i v i t y i s balanced by low o p t i c a l 

induction. Only the hydrogenation of a-methylcinnamic 

a l c o h o l with 1.5-2.0% led to values d i f f e r e n t from zero. 

I r i d i u m complexes r e l a t e d to the complexes of rhodium 

described above have a l s o been s y n t h e s i s e d and analogous r e -
. i -il26,128 acti o n s i n v e s t i g a t e d . 
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I O A 

Recently P i r a i n o reported t h a t [Rh(CgH.^){p-tolyl N-C-

(H)N-p-tolyl}] undergoes chemical oxidation by AgNO^ leading 

to the paramagnetic [Rh 2{p-tolyINC(H)N-p-tolyl} (N0 3) ] ( X I ) . 

C h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y , the s t r u c t u r e has a 

symmetrical arrangement of f i v e ligand atoms around each 

rhodium atom, and a Rh-Rh dis t a n c e of 2.4858. The complex 

(XI) undergoes a v a r i e t y of r e a c t i o n s . With n u c l e o p h i l i c 

agents displacement of the nitrato-groups occurs leading to 

complexes [ R h 2 ( p - t o l y l N C ( H ) N - p - t o l y l } 3 ~ X 2 ] ; (X=I~, SCN -). 

The n e u t r a l ligands PPh-j and p y r i d i n e were found to r e a c t slowly 

with (XI) y i e l d i n g iripU.ylplio^^f^ and p y r i d i n e oxide r e s p e c t i v e l y . 

There i s a corresponding y i e l d of mixed valence formamidinate-

complexes where the oxid a t i o n s t a t e of the rhodium atoms had 

been reduced. 
(G) Ni, Pd, Pt: compared to other members of the group, 

5 
n i c k e l has r e c e i v e d l i t t l e a t t e n t i o n . Treatment of t ( n -Cp)Ni 
( P P h 3 ) C l ] with PhNC(Ph)N(Ph)Li afforded a brown, i n s o l u b l e , 

96 
i n v o l a t i l e powder. A n a l y t i c a l data i n d i c a t e d the formul­

a t i o n [(Cp)Ni{PhNC(Ph)NPh}, and i t s i n s t a b i l i t y and i n s o l u b i l ­

i t y i n d i c a t e d a polymer. The i . r . spectrum i n d i c a t e s b r i d g ­

ing amidino groups. A proposed s t r u c t u r e , with r e t e n t i o n 

of an 18-electron c o n f i g u r a t i o n f o r the n i c k e l atom was given 

as (Fig.1.12): 
Ph 
I 

, y \ , 
K N N NR 

I | (Figure 1.12) 
C rH c Ni Ni C CH C 

The complex was found to be very r e s i s t a n t to chemical at t a c k , 

and c l e a r l y i t d i f f e r s fundamentally from the known monomeric 
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131 n - a l l y l d e r i v a t i v e [Cp-Ni-Cp]. 

A n i c k e l , N,N^dinitrophenylformamidine t e t r a p y r i d i n e 
132 

adduct has been s y n t h e s i s e d by Bradley, which was tentat­

i v e l y formulated as (Fig.1.13): 
A r — N CH = N Ar 

Py 

Py 

•py 
Ni 

— Py 

Ar N CH = N — A r 

(Figure 1.13) 

on the b a s i s of a n a l y s i s , molecular weight measurements and 

chemical r e a c t i v i t y . 

I n c o n t r a s t i t was platinum which provided the f i r s t 

amidine complexes. Us u a l l y they were formed to a s s i s t the 

a n a l y s i s of amidines. The f i r s t complex was prepared by 
133 

Li m p r i c h t by the r e a c t i o n of N,N diphenylbenzamidine hydro­

c h l o r i d e with platinum c h l o r i d e y i e l d i n g a complex i d e n t i f i e d 

by P i n n e r 1 3 4 as (RN.C(R').NHR.HC1) 2
p t c l4• A number of 

s i m i l a r platinum complexes were s y n t h e s i s e d by the e a r l y 

w o r k e r s . 1 3 ^ " L 4° Tschugaev 1^ 1 prepared a platinum n i t r i l e 

complex i n which the platinum was thought to bond to four 

ammonia molecules and two a c e t o n i t r i l e molecules. The anoma­

lous coordination number of the platinum ( I I ) i n the complex, 
142-4 

s i x or f i v e , l e d to a number of s t u d i e s , but i t was only 
145 

when Stephenson determined the s t r u c t u r e s as diamimine-bis-

(acetamidine)platinum ( I I ) c h l o r i d e monohydrate that the 

complex was f i n a l l y shown to be Pt(NH 3){CH 3C(NH 2).NH} 2C1 2H 20. 

The r e a c t i o n of amidines {R'N (X) C (R) NR'} , (X=H or L i ) , 

with platinum or palladium compounds r e s u l t s i n the formation 
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c . . _ , 67,73,146-8 . ^ , ,. of a v a r i e t y of complexes, t h e i r nature depending 

on the amidine s u b s t i t u e n t s , the metal, and the s y n t h e t i c 

route used. T h i s t h e s i s i s concerned i n p a r t with such 

complexes which w i l l be described i n d e t a i l i n a l a t e r chapter, 

The r e a c t i o n of M(PhCN) 2C1 2 (M=Pt, Pd), with l i t h i o a m i d i n e s 

r e s u l t s i n the formation of Pt(Am) 2, where Am = R'NC(R)NR', 

and Pd(Am) 2 and Pd 2(Am)^ complexes. The s t r u c t u r e of 

Pt(PhNC(Ph)NPh) 2 has been determined, 6 7 ( F i g . 1 . 1 4 ) : 

Ph 

Ph 
I 
-N ,. 

N 
I 
Ph 

Pt 

Ph 
I 

N 
I 
Ph 

Ph 

( X I I ) 

(Figure 1.14) 

I t i s monomeric and analogous to carboxylate platinum bond­

ing types. The palladium complexes have been shown to be 
146 

dimeric i n the case of formamidines. (R=H) by s p e c t r o s c o p i c 

methods, monomeric and s i m i l a r to ( X I I ) , i n the acetamidine 

case (R=CH.j) ; by c r y s t a l l o g r a p h y ; and dimeric i n the benzamidine 

case by s p e c t r o s c o p i c methods. P o s s i b l e dimer s t r u c t u r e s are 

( F i g . 1 . 1 5 ) : 

R 
I 

R' R' > C v X R 

N \ N 
\ N, 

// \ r 
R-C ' Pd 

v / 1, 
N \ > I 

R' ^ 
R 

R' R' 

R' 
/ \ 

RC N - -
Pd ; vC-R and 

- N 

r» N 

RC 

. . . . . . - X R' 
(Figure 1.15] 
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N.M.R. (^"^F) s t u d i e s have i n d i c a t e d fluxionaLity when M=Pd, 
147 R-r_H - R'=r H P-nl. 6 5' "6 4 " t« ' 

Treatment of P t ( P h C N ) 2 C l 2 with {HN(Li)C^H^NH} r e s u l t e d 

i n n u c l e o p h i l i c attack at the n i t r i l e and formation of 

Pt{HNC(CgH 5)NC(C 6H 5NH} 2, the s t r u c t u r e was determined c r y s -

t a l l o g r a p h i c a l l y ( F i g . 1 . 1 6 ) : 

Ph H 

N 

Ph 

N 

Pt 

H 
I 
N 

N 
I 
H 

- C 

- C 
^ Ph 

(Figure 1.16) 

With K 2MC1 4(M=Pt,Pd), N,N'diarylamidines form dark green 

ort/zo-metallated polymeric compounds ( F i g . 1.17): 

N — R 
(Figure 1.17) 

The chloro-bridges can be cleaved by a v a r i e t y of reagents, 

e.g. R'N Li(R)NR', to form monomeric complexes. 7 3' 1 4** 

A number of "mixed" l i g a n d amidine palladium complexes 
149 

have been prepared and t h e i r p r o p e r t i e s studied. V r i e z e 

s y n t h e s i s e d both j 5 ) 3 ( m e t h y l a l l y l d i t o l y l formamidino and a c e t -

amidino palladium complexes by two methods. By the r e a c t i o n 

of two e q u i v a l e n t s of s i l v e r amidine with [(n R C 3 H 4 ) P d C l ] 2 

and by the r e a c t i o n of amidine i n the presence of KO-t-bu, with [n R C 3 H 4 ) P d C l ] 2 
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On the b a s i s of molecular weight,spectroscopic propert­

i e s , and analogy with the c r y s t a l s t r u c t u r e s of analogous 

t r i a z e n e complexes, i t was concluded that the complexes were 

dimeric with bridging amidine groups. 

Toniolo, has undertaken s i m i l a r s t u d i e s using the 

following r e a c t i o n s : 

(1) [ P d ( n 3 - a l l y l ) C l ] + 2Li [RNC (H) NR ] e> [Pd (n 3 - a l l y l ) -
1 so 

{RN-C(H)NR}] 2 + 2L1C1. 

(2) [ P d ( n 3 - a l l y l ) C I ] 2 + 2 [RN (H) C (H) NR] e» 2 P d C l -

[ R N ( H ) C ( H ) N R ] ( n 3 - a l l y l ) . 1 5 1 

The f i r s t r e a c t i o n produces a mixture of non-intercon-

v e r t i n g isomers ( F i g . 1 . 1 8 ) : 
— 

Pd Pd Pd Pd 

/\ / N N N Ar N N Ar / Ar Ar Ar Ar Ar Ar 
H H H 

I I 
( F igure 1.18) 

The conformer which has two e q u i v a l e n t a l l y l groups was found 

to have t h e i r concentration r a t i o independent of temperature, 

suggesting t h a t no i n t r a m o l e c u l a r processes take p l a c e . The 

other conformer at 80-l00°C undergoes an i n t r a m o l e c u l a r pro­

cess which r e s u l t s i n the equivalence of the a l l y l groups. 

The presence of b r i d g e - s p l i t t i n g ligands such as dimethyl-

sulphoxide or N,N'diaryIformamidines, does not a f f e c t the 

i n t r a m o l e c u l a r process, which thus occurs without any palladium-
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formamidides bond breaking, p o s s i b l y through a broad i n ­

v e r s i o n of the C2N^Pd2 r i n g via a c h a i r conformation. 

The second reaction involves bridge splitting and the products 

show f l u x i o n a l i t y which was s t u d i e d by v a r i a b l e temperature 
1 1 3 

H and C N.M.R. Two dynamic processes were thought to 

occur ( F i g . 1 . 1 9 ) . The f i r s t operating at room temperature 

involved the d i s s o c i a t i o n of the n e u t r a l amidine ligand ( a ) , 

the second which has a lower activation energy, was found to 

be concentration dependent and i n v o l v e s c h l o r i d e amidine ex­

change, thought to be via a penta coordinated chloro-bridged 

s p e c i e s , ( b ) . 
(a) 

C I — N 

Figure 1.19 (a) 

I n t e r e s t i n g l y the mechanism i n d i c a t e s amino-nitrogen-metal 

bonding when imiwo-nitrogen-metal bonding i s more l i k e l y . 



CI 
---Pd 

X N - H 
/ W 

/ 
H 

N — R 

-s> 1 
— 2 

N 

.N H 
R ^C=N-R 

-Pd 
N — 

(Figure 1.19)(b) 

For complexes of the type M(PPh 3) 2C1 (RNC (H) NR) (where 

M=Pt or Pd), proton N.M.R. v a r i a b l e temperature s t u d i e s show 

a f l u x i o n a l behaviour which has been i n t e r p r e t e d as o c c u r r i n g 

via a penta coordinated intermediate with both nitrogen atoms 

i n t e r a c t i n g through two e l e c t r o n lone p a i r s with the metal, ' ̂  

( F i g . 1 . 2 0 ) : 

— M 

* 

N 
— vS ^ C H 

N 
— M CH 

H 

(Figure 1.20) 

The complexes were s y n t h e s i s e d by the r e a c t i o n of M ( P P h 3 ) 2 C l 2 

with l i t h i o a m i d i n e s . 

Vrieze^"* has s y n t h e s i s e d some monomeric amidine complexes 

using the following routes ( F i g . 1 . 2 1 ) : 
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(1) NMe 

'Q\ Pt (H 20) . + { RN (H) C (H) NR} 
-H20 

t 
NMe 

(di-p-tolyIformamidine) 

— N 

H I 
N - FkCH, i 
C H 

TfcCH. 

Imine type. 

NMe 

BF, 

NMe. 

{ RN (H) C (H) NR} KOH 
-KBF, 

NMe, •a T^CH. 
f M t _ N ^ 

V _ Le. X p i l C H: 
Amine-type 

f i g u r e 1.21) 

S i m i l a r palladium s p e c i e s have been s y n t h e s i s e d and i n 

s o l u t i o n the n e u t r a l palladium s p e c i e s are f l u x i o n a l , N.M.R. 

i n d i c a t i n g that a c h e l a t i n g u n i t e x i s t s . 

The mechanism of formation of amidine complexes by the 

r e a c t i o n of the dimeric O-cyanobenzyl complex c i s - [ P t ( 0 - C H 2 -

CgH^CN)(PPh^) 21 2(BF^) 2 with primary a n i l i n e s has been i n v e s t i g -
153 

ated. The f i r s t stage of t h i s two phase proces i s thought 

to i n v o l v e displacement of the n i t r i l e group by the e n t e r i n g 

amine leading to a l a b i l e mononuclear amine complex bearing a 

pendant-CN group. The second slower stage i s thought to 

involve the intermediate r e a c t i n g with the amine via attack 
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of the amine nitrogen on the n i t r i l e carbon to y i e l d the 

pl a t i n u m ( I I ) amidino-species ( F i g . 1 . 2 2 ) : 

N 

+ H0NC,H.-Y-p. 2 6 4 
( H I 

CH, 

Pt 
: x , c 

' 'NHC.H.Y-p N , 6 4 ^ 

(Figure 1.22) 

+ (A) 

NHCgH4Y-p 
(Y - p-OMe p-Me H) 

A f u r t h e r r e a c t i o n of note i s that i n the presence of 

c a t a l y t i c amounts of palladium c h l o r i d e or t r i ( t r i p h e n y l p h o s -

phine)chlororhodium, the h y d r o s i l a t i o n of carbo d-imides occurs 
154 

to form N-silylformamidines i n high y i e l d . The s y n t h e t i c 

value of the products was shown by the following r e a c t i o n : 

R - N - CH = N-R 
H 20 or 
Me OH 1 R - NH = CH = N - R 

SiR, .CH3C0C1 

R - N - C H = N - R 
I 
COCH3 

15 5—6 
Robson has used amidines as a bridging ligand i n 

s t u d i e s of palladium ( I I ) complexes containing b i n u c l e a t i n g 

ligands ( F i g . 1 . 2 3 ) : 
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(1) NMe0 1 2 
CO OH OH 2-Mercapto-5-methylisophthaldehyd o di-2 - h y d r o x y a n a l i l N N o + P d ( I I ) acetate L 

CH 

CHC1 CHC1_ + one other u n i d e n t i f i e d L Pd (CH, CO) 
product. 

L. Pd (CH 3CO) 2.CHC1 3 + N,N'diphenyl benzamidine ("bridge 

s u b s t i t u t i o n r e a c t i o n " ) . 

Ph 
Ph Ph 

0 ^ N N / o o M M / \ / \ 
S N N 

o 
CH 
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(2) 

H —N 

I ' ^ c ' ( R = C 6 H 1 1 J 

/ N H ( P d ( I I ) a cetate 
N Chloroform 

AMEDINE 
0 P 

M M 
N / \ / \ > 

L Pd (CH3CO)2 

benzamidine 
r e f l u x , benzene 

methanol 

CH. (Figure 1.23) 

The complexes were prepared to b u i l d up procedures f o r a 

generation of complexes containing a wide range of p a i r s of 

" s o f t " metal c e n t r e s . Such complexes are of i n t e r e s t be­

cause of the p o s s i b i l i t i e s they o f f e r for new types of r e ­

a c t i o n at the b r i d g i n g s i t e s such as those occupied by the 

amidines. 

(H) Cu and Ag: Copper and s i l v e r , l i k e platinum were studied 

e a r l y i n the h i s t o r y of t r a n s i t i o n metal amidine chemistry. 
134 

Pinner, used s i l v e r complexes i n a s i m i l a r manner to those 

of p l a t i n u m to analyse amidines, and Bradley s y n t h e s i s e d a 
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number of copper and s i l v e r N,Miliary lamidine complexes. ' 

The copper complexes of N,N 'di-anthroquinonyi formamidine or 

benzamidine were t e n t a t i v e l y assigned the following s t r u c t u r e 

( F i g . 1 . 2 4 ) : 

0 0 
CH 

N ' O O o O i 
I! II 

0 Cu Cu (Figure 1.24) 
0 0 i 

N N o o o o CH 

on the b a s i s of i t s high s o l u b i l i t y and chemical i n e r t n e s s , 

and hence a high degree of covalency between the copper and 

nitrogen atoms. The compound was l a t e r found to be t e t r a -

meric. I t was formed from the r e a c t i o n s of cuprous c h l o r i d e , 

c u p r i c a c e t a t e or copper bronze with N,N'-di-2-anthraquinonyl 

formamidine. The isomeric N,N'*-l-anthraquinonylformamidines 

do not y i e l d the corresponding copper complexes. A number 

of green, unstable c u p r i c N,N'-diaryIformamidines were a l s o 

s y n t h e s i s e d and t e n t a t i v e l y assigned the s t r u c t u r e ( F i g . 1 . 2 5 ) : 

Ar - NH - CH = NAr 
\ 
Cu (OAc) 2 (Figure 1.25) 

t 
Ar - NH - CH = Nar 

on the b a s i s of molecular weight measurements and chemical 

a c t i v i t y . 
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a. - j . • 4. *. u i *. 129 ,158-9 An acetamidinium t e t r a c h l o r o c u p r a t e complex 
120 

analogous to the c o b a l t complex mentioned p r e v i o u s l y , 

has a l s o been s y n t h e s i s e d . I t was c h a r a c t e r i s e d by X-ray 

c r y s t a l l o g r a p h y , o p t i c a l s p e c t r a and E.P.R. s p e c t r a . A 
2-

s t r u c t u r a l model was proposed i n which CuCl^ l a y e r s were 
2-

separated by acetamidinium ions; the CuCl^ ions a l t e r ­

n a t e l y occupying t e t r a ^ g o n a l and t e t r a h e d r a l s i t e s . 

Carboxylato-analogue Copper ( I ) and Copper ( I I ) amidine 

complexes have been i n v e s t i g a t e d by K i l n e r ^ ^ ^ L i t h i o -

amidines {R'N(Li)C(R)NR"} (R=H, CH, CgHgi R'=C 6H 5, p-CH 3C 5H 4) 

r e a c t with anhydrous copper ( I I ) c h l o r i d e to form [Cu{R'NC(R)~ 

N R ' ^ l j ^ complexes, and with anhydrous copper ( I ) c h l o r i d e to 

form Cu{R'NC(R)NR'}] . The C u ( I I ) complexes are a i r s t a b l e 

i n the s o l i d s t a t e and diamagnetic. Experimental data i n ­

d i c a t e d a dimeric s t r u c t u r e , which was proven by X-ray c r y s ­

tallography."''^ The s t r u c t u r e has four bridging amidine groups 

and a short Cu-Cu d i s t a n c e ( 2 . 4 6 8 ) . The Cu(I) complexes are 

l e s s s t a b l e decomposing r a p i d l y i n a i r when i n s o l u t i o n . The 

complexes react e d i n the following manner: 

(1) Cu{PhNC(CH 3).NPh} 2 + P y r i d i n e e> Cu{PhNC (CH 3)NPh}^ Pyridine 

(2) Cu{PHNC(CH 3)NPh} 2 + CS 2 & Cu{PhNC(CH 3)NPh} CS 2 

*> Cu{PhNC(CH 3)NPh}CS 2 

I n t e r e s t i n g l y , thermogravimetric a n a l y s i s i n d i c a t e s t h a t 

thermal decomposition does not occur i n simple li g a n d l o s s 

steps as might be expected from i t s s t r u c t u r e but may involve 

complicated " i n t e r n a l " s p e c i e s . I n s o l u t i o n the Cu(I) com­

plexes vary i n the degree of disproportionation to Cu^" and C u 1 1 

s t a b i l i t y decreasing from formamidinesto acetamidinesto 
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benzamadine complexes. S o l u t i o n s of formamidine complexes 

show hard l y any s i g n of disproportionatien an<la d e t a i l e d study 

of dimer-dimer and dimer-tetramer e q u i l i b r i a f o r these com-
16 2 

plexes has been c a r r i e d out by V r i e ^ e . 

A number of copper and s i l v e r formamidine complexes 

f M{ RNC (H) NR} n (R=p-tolyl; R =CH3, C^^, i - p r o p y l , t - b u t y l , 
1 13 

C 6 H 1 1 ' n = 2 , 4 ) , were prepared and s t u d i e d by H and C N.M.R., 

as a function of temperature, concentration, metal atom, and 

a l k y l s u b s t i t u e n t . The s t u d i e s show the presence of dimeric 

and t e t r a m e r i c isomers (Figure 1.26): 
R H C 

N 
R R R 

R N N 
M M 

M M M M 

N N / / R 
R R 

6 H R H R H 

(Figure 1.26) 

(R - a l k y l or p - t o l y l ) 

I t r e q u i r e s only one meta I- n i L r. ogen bonO In each clirner to be 

broken and two new metal-nitrogen bonds to be formed to give 

four t e t r a m e r i c isomers. Conclusions from the s t u d i e s were: 

(1) the s i z e of the a l k y l s u b s t i t u e n t s determines the r e l a ­

t i v e r a t i o s of the tetramers, (2) i n c r e a s i n g temperatures 

cause a corresponding dimer/tetramer r a t i o i n c r e a s e , (3) i n ­

c r e a s i n g bulk of a l k y l s u b s t i t u e n t s cause a corresponding i n ­

crease i n the dimer/tetramer r a t i o , and (4) the dimer/tetramer 

r a t i o i s i n c r e a s e d when s i l v e r ( I ) i s replaced by copper ( I ) . 
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( I ) Zn, Cd, and Hg: a number of complexes of the type 

(Amidine) 2 MX2 (M=Zn, Cd, Hg; X=Br, CI) have already been 
121 

described under c o b a l t . 

The r e a c t i o n of equimolar q u a n t i t i e s of phenylmercury 

hydroxide and N,N'diarylamidines i n ethanol y i e l d e d complexes 

of the type PhHg{PhNC(H)NPh} . N.M.R. s t u d i e s i n d i c a t e 

t hat the following e q u i l i b r i u m occurs ( F i g . 1 . 2 7 ) : 

CH, CH Ch 
/ V i x~\ i s \ i 

Ar - N ^ N - Ar* z 88 Ar - N' ^N-Ar s=£ Ar-N \ N-Ar 
S-Hg""' H g ^ 

Ph Ph Ph 

(Figure 1.27) 

and an X-ray determination of PhHg(p-tolyl NC(H)N-p-toly1) 

complex showed two independent molecules to be present. 

One i s a monodentate complex ( a ) , ( F i g u r e 1.28), the other a 

c h e l a t e ( b ) , which i s more evidence f o r the above equ i l i b r i u m . 

p - t o l y l p - t o l y l 
I I 

N N 

Ph Hg \ C—H P h — Hg C—H 

N N 

i i 
p - t o l y l p - t o l y l 

(a) (b) 

(Figure 1.28) 
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One of the e a r l i e s t ^ - m e t a l l a t e d complexes known was 

formed by the r e a c t i o n of mercuric acetate with, N,N'di-p-
132 

tolylformamidine. The s t r u c t u r e (Fig.1.29) was assigned 

on the b a s i s of the complexes r e a c t i o n with iodinetsga ve N-

(2-iodo-4-methyl phenyl)-N'-phenylformamidine. 

N CH 

Me (Figure 1.29) 

tie 

(J) Mixed-Metal Amidine Complexes: d i n u c l e a r complexes con­

t a i n i n g a metal-metal bond form a l o g i c a l connection between 

mononuclear complexes, and compounds with l i n e a r s t a c k s , 

c l u s t e r s , and u l t i m a t e l y pure metal. Amidines have proved 

to be an e x c e l l e n t t o o l f o r studying mixed-metal-dinuclear 

compounds, and they have been e x t e n s i v e l y studied by V r i e z e . 

Complexes of the type [(diene){RNC(Y)NR} 2 RhHgCl], (diene 

1,5,cyclooctadiene, norbornadiene, Y=H, R=R'=Pr 1, R=CH^, P r 1 , 

p-CH 3C 6H 4; R'=p-CH 3C gH 4 and Y=CH3, R=R'-p-CH 3C gH 4), were pre­

pared from the r e a c t i o n of [ ( d i e n e ) R h C l ] 2 with Hg{RNC(Y)NR} 2. 1 

N.M.R. data i n d i c a t e s t h at the molecule c o n s i s t s of a rhodium 

atom coordinated by a bidentate amidino group, a HgCl l i g a n d 

and a nitrogen-atom of an amidino group, which bridges the 
13 

rhodium-mercury bond. C N.M.R. i n d i c a t e d t h a t f o r R =p-

CH-jCgH^, the complexes are f l u x i o n a l i n v o l v i n g an interchange 

of the b r i d g i n g and the c h e l a t i n g amidino groups via mono-

dentate intermediates. 
t (PPh.J ~ (CO) I r C l ] r e a c t s with [M.RNC( H) NR'] (M=Cu, Ag; 

J £ n 
R-Me, i - P r , t-Bu, c y c l o h e x y l ; R'=p-tolyl; n=2,4) to y i e l d 
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[(PPh 3) 2(CO)IrM{RNCHNR"}] complexes, i n which there i s a 

formal Ir-M bond which i s s t a b i l i s e d by a bridging formamidino 
164 

group. The ease o f formation and s t a b i l i t y o f the com-
I I I I 

plexes was found to be I r >Rh ; Ag >Cu , and small R groups > 

large R groups. The bulk o f the s u b s t i t u e n t R groups on the 

amidino nitrogens was found to i n f l u e n c e which nitrogen bonded 

to a p a r t i c u l a r metal. Varying the bulk of one o f these R 

s u b s t i t u e n t s showed t h a t when t h i s NR group was small i n bulk 

i t bonded to e i t h e r i r i d i u m or s i l v e r , thus producing two 

isomers. When R was high i n bulk the NR group only bonded 

to the s i l v e r because of the i n f l u e n c e of the two phosphine 

ligands on i r i d i u m . The corresponding rhodium compounds 

could not be i s o l a t e d . 
Complexes [ { 2 , 6 - ( M e 2 N C H 2 ) 2

C 6 H 3 ^ ( p - t o l y l NCHNR) Pt Hg Br 
16 5 

C l ] (R=Me, E t , i - P r ) were prepared by V r i e z e , by the r e ­

a c t i o n of [{2,6-(Me 2NCH 2) 2C 6H 3>-Pt Br] with [Hg(p-tolyl NCHNR) 

C l ] , or i n lower y i e l d from the exchange r e a c t i o n s of [{2, 6 -

(MeNCH 2) 2C 6H 3>(RC0 2)-Pt Hg C 0 2 ( R ) B r ] with p - t o l y l NC(H)N(H)Et. 

One of the complexes [{2,6-(Me 2NCH 2) 2C gH 3}Pt (y-{p-toly1-NCH-

N P r 1 } ) Hg Br C l ] has been c h a r a c t e r i s e d c r y s t a l l o g r a p h i c a l l y 

( F i g . 1 . 3 0 ) : 
C l 

i . \ 
Hg <j N Me H 

C N CM 
HMe Me O N 

\ p - t o l H N 
/ 

(Figure 1.30) 

H Me 
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The five-merabered r i n g i s t h o u g h t t o a c t as a s t a b i l i s i n g 

f a c t o r . The absence o f a subsequent e l e c t r o n t r a n s f e r r e ­

a c t i o n i s t h o u g h t t o be due t o t h e c o n s t r a i n t s o f the t e r -

d e n t a t e 2,6 (Me 2NCH n) 2
C 6 H 3 l i g a n d , which f i x e s t h e N-donor 

atoms i n m u t u a l t r a n s - p o s i t i o n s . The Pt t o Hg i n t e r a c t i o n 

i n t h e amidine case i s d e s c r i b e d as a donor t y p e ( P t * — — * Hg) 

i n c o n t r a s t t o t h a t found f o r [(2-Me~NCH c H.)_(MeCO„)-PtHg-
Z Z D 4 Z Z 

(C^CMe) ] which i s a s t a n d a r d c o v a l e n t i n t e r a c t i o n (Pt^Hg) . 

The t e r d e n t a t e 2 , 6 ( M e 2 N C H 2 ) 2
C
6
H
3 J l i g a n d has a l s o been 

used t o s t a b i l i s e p l a t i n u m . t o s i l v e r bonds. The complexes 

{ [2,6-(Me 0NCH~) 0C,HJ ( p - t o l NCHNRlPt Ag B r ) , (R=Me, E t , i - P r Z Z Z b J 

R - p - t o l y l ) are formed from t h e r e a c t i o n o f {[2,6-(Me 2NCH 2) 2CgH^] 

Pt Br} w i t h [ A g { p - t o l NC(H)NR}] n. The complexes are 

t h o u g h t t o i n v o l v e a five-membered c h e l a t e r i n g i n which a 

Pt ( I I ) - A g ( I ) bond i s b r i d g e d by a formamidino l i g a n d . The 

complex was s t u d i e d by INEPT ^ ^ A g N.M.R.,^^ which s u p p o r t e d 

t h e p r o t o n N.M.R. c o n c l u s i o n s t h a t t h e r e are two isomers p r e ­

s e n t . The dependence o f th e isomer r a t i o on t h e a l k y l sub-

s t i t u e n t was a l s o n o t e d . 

1.5 X-Ray S t r u c t u r e s o f Amidine Complexes 

The bond l e n g t h s , and angles r e p o r t e d i n Table 1.2 and 

di s c u s s e d below w i l l be based on th e f o l l o w i n g key (Fig.1.31) : 
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N 
M N v 6 M 

N 
M N 

(Figure 1.31) / M N 
M N 

N M 

e i s a d i h e d r a l angle 

Note, angle "e" i s a measure of the non-planarity of the 

amidine-metal r i n g . I n some cases a q u a l i t a t i v e d e s c r i p t i o n 

only can be given. 

Although standard d e v i a t i o n s , c r y s t a l packing f a c t o r s , 

and t r a n s e f f e c t s a l l i n f l u e n c e the s t r u c t u r a l parameters 

l i s t e d i n Table 1.2, a number of g e n e r a l i s a t i o n s can be made. 

One of the most important s t r u c t u r a l parameters i s the 

N-C-N " b i t e " angle. I n the c h e l a t e (Fig.1.3) complexes i t 

appears to be a f f e c t e d by the s u b s t i t u e n t group on the amidine. 

For formamidine, an average value of 115° i s found, f o r acet-

amidine 108°, and f o r benzamidine 110°. Thus N-C-N de­

c r e a s e s i n the complexes i n the following manner: formamidine 

>benzamidine>acetamidine. These values may be compared with 

the average c h e l a t e t r i a z e n e value f o r the N-N-N angle of 

1 0 3 ° . 1 7 6 
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In the bridging, (Fig.1.3) case, the N-C-N angle does 

not depend on the s u b s t i t u e n t s on the amidine and v a r i e s 

considerably - 115° - 124° with an average value of 117°. 

The large v a r i a t i o n i s p o s s i b l y due to the wide compass of 

metal-metal i n t e r a c t i o n s present i n the complexes. As ex­

pected the N-G-N bridge angle i s g r e a t e r than the N-C-N 

c h e l a t e angle, and i s s i m i l a r to t h a t found f o r bridging 
, . n 1 . o 176 t n a z e n e s , 117 . 

S t r u c t u r a l data for monodentate complexes i s unfortunately 

sparse, and the N-C-N angle for Ph Hg [ p - t o l y l NC(H)N-p-tolyl], 

117° can only t e n t a t i v e l y be compared with t h a t of the mono-

dentate t r i a z e n e complex N-N-N angle of 114°, which i s found 
176 

for ais [Pt(1,3-diphenyl t r i a z e n e ) 2 ( P P h 3 ) 2 ] C^Hg. What 

i s c l e a r i s that the N-C-N angle f o r the monodentate formamidine 

complex i s d i f f e r e n t (^2°-3°), to that found fo r formamidine 

c h e l a t e 115°, and formamidine bridging ligands 120°-125°. 

The monodentate t r i a z e n o ligand complex has i n 

comparison a s i g n i f i c a n t d i f f e r e n c e i n the value of i t s N-N-N 

angle (114°) compared to the average values f o r N-N-N c h e l a t e 

103°, and N-N-N bridge 119° angles. 

The C-N bonds i n both the bidentate c h e l a t e (1.33$, 

average), and the bridging (1.36A3, average) amidines are a l l 

of s i m i l a r length. T h e i r values i n d i c a t e considerable 

multiple-bond c h a r a c t e r and l i e between the average s i n g l e 

and double bond covalent d i s t a n c e s of 1.488 and 1.24A* given 
177 

by Schomaker and Stevenson, f o r a range of organic mole­

c u l e s . They a l s o agree w e l l with the d e l o c a l i s e d C-N 

(1.308^) d i s t a n c e found i n the benzamidinium c a t i o n . ^ The 

length of the bond appears to be v i r t u a l l y independent of 
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t h e a m i d i n e , t h e m e t a l , and t he bonding mode. The ex­

c e p t i o n i s bonding mode (C) ( F i g . 1.3) e.g. T a C l ^ C g H ^ N C (Me) -

N C 6 H 1 1 } { C 6 H 1 1 N C ( N H C g H 1 1 ) ' 0 } , where one C-N=1.57&. 

The C-C (5) d i s t a n c e between t h e amidine fragment and 

i t s c e n t r a l c a r b o n atom s u b s t i t u e n t a p p e a r s t o be in d e p e n d e n t 

of t h e n a t u r e of t h e complex. The a v e r a g e C-C d i s t a n c e found 

(1.52$), compares w e l l w i t h t h o s e found i n s a l t s of a c e t a m i d i n e 

1.538 ( C o b a l t ) , and 1.50°. ( P t s a l t ) , 1 2 0 , 1 4 5 and benzamidine 

(Re s a l t ) 1.49°*, 7 7 and r e p r e s e n t s a normal C ( s p 2 ) - C ( s p 2 ) 

bond d i s t a n c e . 

The M-N-C a n g l e i s g r e a t e r i n t h e b r i d g i n g complexes 

( a v e r a g e = 119°) tha n t h e c h e l a t e ( a v e r a g e = 95°) as we would 
2 

e x p e c t . F o r m a l l y , t h e n i t r o g e n would be r e g a r d e d as sp 

h y b r i d i s e d , b u t t h e c o n s t r a i n t s of t h e r i n g f o r c e a r e d u c t i o n 

of 25° compared w i t h t h e i d e a l i s e d a n g l e o f 120°. Ring 

s t r a i n w i l l a l s o be t a k e n a t t h e m e t a l c e n t r e , where t h e s i z e 

of t h e N-M-N a n g l e i s found t o be dependent on t he n a t u r e of 

the m e t a l , e.g. T a ( V ) ; a v e r a g e 6 0 . 4 ° , 6 8 ' 1 6 9 - 1 7 2 R U ( I I ) , 61.1°; 8' 

P t ( I I ) , 6 3.7°; 6 7 P d ( I I ) , 63.5°. 7 3 I t i s worth n o t i n g t h a t 

th e i o n i c r a d i i o f P t ( I I ) (0.52^), and P d ( I I ) ( 0 . 5 o 8 ) 1 7 8 and 

hence t h e i r " i o n i c s i z e " a r e v e r y s i m i l a r , as a r e t h e i r N-M-N 

a n g l e s d e s p i t e d i f f e r e n t l i g a n d s b e i n g used. T h e r e f o r e t h e 

s i z e of t h e m e t a l " i o n " and hence i t s o x i d a t i o n s t a t e rnay 

be an i m p o r t a n t f a c t o r i n d e t e r m i n i n g the s i z e o f the N-M-N 

a n g l e . 

The N-C ( 6 , 7 ) s u b s t i t u e n t d i s t a n c e s , s e e T a b l e 1.3, appear 

to be in d e p e n d e n t of t h e amidine and type of complex. 
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TABLE 1.3 The N-C d i s t a n c e s f o r t h e n i t r o g e n s u b s t i t u e n t groups 

Group Ref. Average 
N-C 

Bonding Mode 
of L i g a n d 

C 6 H 1 1 68 1.48 c h e l a t e 

C 3 H 7 170 1.46 c h e l a t e 

CH 3 90 1.46 b r i d g e 

Ph 67 1.42 c h e l a t e 

p - t o l y l 73 1.41 c h e l a t e 

Ph 69 1.44 b r i d g e 

The a v e r a g e N-C d i s t a n c e f o r a l l t h e complexes, 1.45°. i s 

c l o s e t o the pure s i n g l e bond C-N v a l u e o f 1 . 4 7 $ . 7 9 and i n ­

d i c a t e s t h a t the d e l o c a l i s e d NCN 7T-system i s not extended 

s i g n i f i c a n t l y t o t h e r i n g s . T h i s i s a l s o the c o n c l u s i o n 

r e a c h e d from t h e r i n g t o r s i o n a n g l e s . 

C o n s i d e r i n g the M-N bond l e n g t h s f o r t he c h e l a t e ( B ) , 

( F i g . 1 . 3 ) , a, a-bonded complexes, t h e r e a p p e a r s t o be two 

d i s t i n c t g r o u p s . The Pd{P h N C ( C H 3 ) N P h } 2
 7 3 and P t { P h N C ( P h ) N P h } 

complexes have an a v e r a g e bond l e n g t h of 2.038$, w h i c h compares 

w e l l w i t h {Pd(NH 3) 4 ) , 2 4 (M-N) = 2 . 0 4 4 $ , 1 2 9 and [ P d ( e n ) ] 2 + , 

(M-N) =2.0308 and 2 . 0 4 3 $ , 1 8 0 f o r w h i c h m e t a l t o n i t r o g e n TT-

bonding i s a b s e n t . The o t h e r group c o n s i s t s of a number o f 
9 8 — 9 9 

molybdenum complexes, and t r a n s R u H ( P P h 3 ) 2 C 0 { p - t o l y l -

NCH N p - t o l y l } , 1 7 4 f o r w h i c h t h e M-N bond l e n g t h s a v e r a g e 

2.23$. The l a t t e r bond l e n g t h s a r e s i m i l a r t o t h a t found i n 

M o ( C O ) 2 C 5 H 5 (Ph-N-N-N-Ph), 2.15$, which c o n t a i n s t h e r e l a t e d 
176 

t r i a z e n i d o l i g a n d . A number o f f a c t o r s may e x p l a i n t h e 

d a t a . The p a l l a d i u m and p l a t i n u m complexes a r e of a b i s -
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amidino t y p e , and no o t h e r l i g a n d s a r e p r e s e n t on t h e m e t a l . 

The o t h e r complexes have o n l y one amidine group p r e s e n t and 

a number of o t h e r l i g a n d s w h i c h may s u b s t a n t i a l l y e f f e c t 

t h e M-N bond d i s t a n c e , e.g. t h e r e i s a bond l e n g t h e n i n g of 

t h e Ru-N(2) bond i n the t r a n s R u H ( P P h 3 ) C O ( p - t o l y 1 NC(H)Np-
174 

t o l y l ) complex b e c a u s e o f t h e " t r a n s - e f f e c t " of t h e hyd­

r i d e l i g a n d o p p o s i t e N ( 2 ) . Thus, i t a p p e a r s t h a t t h e p r e ­

s e n c e o f groups on the m e t a l o t h e r than a m i d i n e s have the 

e f f e c t o f l e n g t h e n i n g the M-N bond, and t h a t " s h o r t " M-N amid­

i n e bonding i s promoted by s y m m e t r i c c h e l a t i o n . 

A n o t h e r p o s s i b i l i t y i s t h a t t h e molybdenum complexes 

a r e l e s s d e l o c a l i s e d t h a n t h e i r p a l l a d i u m c o u n t e r p a r t s , and 

t h a t t h e r e i s a s m a l l amount of ir-bonding o c c u r r i n g between 

t h e p l a t i n u m / p a l l a d i u m and t h e n i t r o g e n atoms. T h i s seems 

u n l i k e l y s i n c e we have a l r e a d y n o ted the s i m i l a r i t y o f t he 

bond l e n g t h s o f complexes w h i c h c o n t a i n no IT-bonding, and 

t h e p l a t i n u m and p a l l a d i u m a m idine complexes. 

T h i r d l y t h e r e i s t h e m a t t e r of o x i d a t i o n s t a t e , and 

hence i o n s i z e . Two complexes w i t h the same f o r m a l o x i d -
6 7 

a t i o n s t a t e s , and bonding modes, P t ( I I ) { P h N C (Ph)NPh} 2 , and 

P d ( I I ) { p - t o l y l N C ( C H 3 ) N - p - t o l y l } 2
7 3 have s i m i l a r M-N bond 

l e n g t h s - (2.0388 and 2.022$), and (2.0388 and 2.038$) r e s ­

p e c t i v e l y . S i n c e t h e l i g a n d s and t h e m e t a l s d i f f e r , i t i s 

c l e a r t h a t o x i d a t i o n s t a t e and hence i o n s i z e has an e f f e c t 

on t h e M-N d i s t a n c e . 

I n b r i d g i n g a m i d i n e s the M-N d i s t a n c e s a v e r a g e 2.10$ 

which i s s i m i l a r t o t h a t found f o r the a v e r a g e M-N bond i n 

b r i d g i n g t r i a z e n e s 2 . 0 2 $ . T h e v a r i a t i o n i n v a l u e s i s 



56 

h i g h and t h e y appear t o be i n d e p e n d e n t o f the amidine and 

t h e o t h e r l i g a n d s p r e s e n t . Worthy of note a r e t h e complexes 

C u 2 [ P h N C ( P h ) N P h ] 4 ; 1 6 1 (2.028), R e 2 { P h N C ( C H j ) N P h } 2 C 1 4 ; 1 1 2 

(2.088), and C r 2 {CH 3NC (Ph) NCH 3} ; 9 0 (2.03$?) which a l l have 

v e r y s h o r t M-N d i s t a n c e s , as w e l l as s t r o n g m e t a l - m e t a l i n t e r ­

a c t i o n s . 

The g e n e r a l amidine bonding modes have been c o n s i d e r e d 

above. However, t h e r e a r e a number of l e s s w e l l known modes 

which can be compared w i t h t h o s e a l r e a d y d i s c u s s e d . 

The i n s e r t i o n p r o d u c t s formed when b e n z o n i t r i l e o r 

methylene a r e i n s e r t e d i n t o t h e c h e l a t e r i n g g i v e s r i s e t o 

bonding mode ( i ) ( F i g . 1 . 3 ) . C o r r e s p o n d i n g changes i n t h e 

s t r u c t u r a l p a r a m e t e r s o c c u r . The s y m m e t r i c a l PtN^ s t r u c t u r e 

formed i n t h e P t HNC(C,H r)NC(C,H C)NH „ complex i n v o l v e s a 
6 5 6 5 2 

six-membered r i n g w i t h e x t e n s i v e d e l o c a l i s a t i o n . As a 

r e s u l t t h e mean Bt-N d i s t a n c e (1.968) i s s i m i l a r t o t h a t 

found f o r c h e l a t e p l a t i n u m and p a l l a d i u m b i s - a m i d i n o complexes, 

b u t compares more c l o s e l y t o the Pt-N d i s t a n c e i n t r a n s 

{ P t ( N H 3 ) 2 ( N - m e t h y l i m i d a z o l e ) 2 ) C 1 2 2 H 2 0 ; 1 8 1 Pt-N 2.0l8. These 

v a l u e s a r e s l i g h t l y l ower t h a n t h o s e n o r m a l l y found f o r p l a t i n ­

um ( I I ) complexes ( 2 . 0 5 8 ) , a n d i n d i c a t e some m u l t i p l e bond 

c h a r a c t e r . The C-N bond l e n g t h s ( a v e r a g e = l . 3 4 8 ) , d e f i n i t e l y 

show c o n s i d e r a b l e T T - c h a r a c t e r . They a r e s i m i l a r t o t h o s e 
o 183 

found i n s - t r i a z e n e (1.3198) w h i c h i s i t s e l f e x t e n s i v e l y 

d e l o c a l i s e d . The a v e r a g e of the N-C-N a n g l e s i s P t { H N ( P h ) -

NC(Ph)NH> 2 (127°) i n d i c a t e s an opening up of the a n g l e com­

p a r e d t o b r i d g i n g and c h e l a t e N-C-N a n g l e s , b e c a u s e of the 

six-membered r i n g f o r m a t i o n . 
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I n t h e t u n g s t e n - m e t h y l e n e c a s e tW2 (u-CO) 2 { JJ-HC (N-3 , 5-

x y l y l ) 2 } 2 { H C ( N - 3 , 5 - x y l y l ) 2 } { N - 3 , 5 - x y i y i ) C H ( N - 3 , 5 - x y l y l ) C H 2 > , 7 2 

o n l y one CH 2 group i s i n s e r t e d and t h e r e s u l t a n t r i n g i s 

a s y m m e t r i c . As a r e s u l t t h e M-N d i s t a n c e i s l a r g e r and t h e 

N-C-N a n g l e i n c r e a s e d . 

The o r t / 2 0 - m e t a l l a t i o n - b o n d i n g mode ( j ) ( F i g . 1 . 3 ) , a l s o 

i n f l u e n c e s t h e bonding p a r a m e t e r s . The n - c y c l o - p e n t a d i e n y 1 , 
73 

N,N - d i - p a r a - t o l y l - a c e t a m i d i n o - p a l l a d i u m s t r u c t u r e has a 

n o v e l six-membered r i n g . The Pd-N d i s t a n c e (2.040$) i s 

s i m i l a r t o t h a t found f o r t h e a, a, b i d e n t a t e p l a t i n u m and 

p a l l a d i u m M s - a m i d i n o complexes. T h i s i n d i c a t e s t h e r e i s 

l i t t l e T T - i n t e r a c t i o n between t h e r i n g and t he p a l l a d i u m . 

The Pd-C d i s t a n c e (1.9 84$) can be compared w i t h 1.9 8$ found 
i n \i- diphenylacetylene-£>"£s ( y - p e n t a p h e n y l c y c l o p e n t a d i e n y l ) d i -

183 

p a l l a d i u m ( I ) . The r e l e v a n t M-N-C and N-C-N a n g l e s i n 

th e complex a r e as e x p e c t e d , g r e a t e r t h a n t h o s e found f o r 

th e c h e l a t e complexes. 

T h e mixed m e t a l complex [ { 2 , 6-(Me 2NCH 2) 2 C g H 3 } P t ( ( j -

{ p . t o l y l NCHNPR 1} Hg Br C I ] 7 0 has an u n u s u a l f e a t u r e i n 

t h a t t h e M-N d i s t a n c e s a r e v e r y s i m i l a r P t N ( l ) = 2.155$, 

HgN(2) = 2.156$, w h i c h c o n t r a s t s w i t h t h e d i f f e r i n g m e t a l -

n i t r o g e n bond l e n g t h s found i n [ ( c y c l o o c t a - 1 , 5 - d i e n e ) ( p - t o l -

N N N E t ) 2 I r H g C l ] , 1 8 4 I r - N ( l ) = 2.10$, Hg=-N(3) = 2.42$ w h i c h 

c o n t a i n s r e l a t e d t r i a z e n i d o l i g a n d . A l s o of note i s t he 

l a c k o f p l a n a r i t y of the five-membered r i n g , which may be due 

t o s t e r i c e f f e c t s o r the l e n g t h of the m e t a l - m e t a l bond con­

t a i n e d i n the r i n g . 

I t i s c l e a r t h a t a wide v a r i e t y of amidine bonding modes 

have now been c h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y ; 
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however, b e f o r e more t h a n q u a l i t a t i v e c o m p a r i s o n s can be 

u n d e r t a k e n a l o t more s t r u c t u r a l d a t a i s r e q u i r e d . 

1.6 I n d u s t r i a l Uses o f M e t a l - A m i d i n e s 

The f o l l o w i n g s e c t i o n i s n o t meant t o be an e x h a u s t i v e 

s u r v e y o f i n d u s t r i a l p a t e n t s i n v o l v i n g a m i d i n e - t r a n s i t i o n -

m e t a l compounds, b u t i s an i l l u s t r a t i o n of some o f t h e i n d u s t ­

r i a l u s e s o f a m i d i n e - t r a n s i t i o n - m e t a l i n t e r a c t i o n s . 

185 

Daugherty and Vaugh f o r i n s t a n c e , u s e d formamidine 

d i s u l p h i d e h y d r o c h l o r i d e t o p r e v e n t m u l t i - s t e p room t e m p e r a t u r e 

e t c h i n g o f copper o r copper a l l o y p r i n t i n g p l a t e s , by u n s a t u r ­

a t e d F e C l ^ s o l u t i o n ( 1 6 . 5 - 3 1 . 5 % ) . The a midine p r o t e c t i v e 

c o a t i n g c o u l d be removed from p a r t s o f t h e p l a t e s by b r u s h i n g , 

a l l o w i n g o n e - s t e p e t c h i n g by t h e F e C l ^ s o l u t i o n w i t h o u t t h e 

problem o f l a t \ e r a l u n d e r c u t t i n g . 

186 

L.A. Lundberg u s e d a mixed Cu-benzamidine HC1 promoter 

t o improve g e l t i m e s by a f a c t o r o f 2-3 f o r e l a s t o m e r - v i n y l -

a r o m a t i c c o m p o s i t i o n s , ( b u t a d i e n e / s t y r e n e / d i v i n y l b e n z e n e ) . 

187 

D i a r y I f o r m a m i d i n e s , have a l s o been u s e d as promoters 

i n o x i d a t i v e poly-(phenylene e t h e r ) f o r m a t i o n . High mole­

c u l a r w e i g h t p o l y - ( p h e n y l e n e e t h e r s ) were p r e p a r e d by s e l f -

c o n d e n s a t i o n o f p h e n o l s , e.g. 2 , 6 - x y l e n o l , i n t h e p r e s e n c e of 

amine-copper complexes, e.g. ($u 2NH - C u B r 2 , and N, N ' - d i p h e n y l -

f o r m a m i d i n e a P r o d u c t s , e.g. p o l y - 2 , 6 - d i m e t h y l p h e n y l e n e o x i d e 

(93% y i e l d ) formed u s i n g t h e formamidine had an improved i n -

t r i n s i c v i s c o s i t y . 
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F i n a l l y , B a y e r A.G., i n v e s t i g a t e d t h e e f f e c t of 

s o l u b l e m e r c u r y ( I I ) , z i n c ( I I ) , c o p p e r ( I I ) and i r o n ( I I ) com­

pounds and a m i d i n e s as c a t a l y s t s f o r i s o c y a n a t e p o l y a d d i t i o n 

r e a c t i o n s . A number of t h e m i x t u r e s were r e p o r t e d t o have 

good c a t a l y t i c a c t i v i t y . 

The r e v i e w p r e s e n t e d h i g h l i g h t s the l a r g e a r e a s of the 

t r a n s i t i o n - m e t a l c h e m i s t r y of a m i d i n e s s t i l l t o be e x p l o r e d . 

I n t e r e s t a r i s e s from the s y n t h e t i c c h e m i s t r y , t h e v a r i e t y 

o f bonding modes and s t r u c t u r a l a s p e c t s i n g e n e r a l , and from 

r e a c t i o n s o f t h e complexes. F u r t h e r m o r e t h e work has an 

i n d u s t r i a l d i m e n s i o n as o u t l i n e d i n t h e i n t r o d u c t i o n t o the 

s u r v e y , w h i c h has n o t been w i d e l y e x p l o r e d . T h i s t h e s i s i s 

c o n c e r n e d w i t h e x t e n d i n g t h i s work by t h e s y n t h e s i s , u s i n g a 

v a r i e t y of r o u t e s , and c h a r a c t e r i s a t i o n of amidine complexes 

of p l a t i n u m p a l l a d i u m and n i c k e l . 
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S i m p l e a m i d i n e s have been u s e d e x t e n s i v e l y as l i g a n d s 

i n t r a n s i t i o n m e t a l chemistry,''" and many o f t h e s e s t u d i e s 

have r e p o r t e d mass s p e c t r a l f r a g m e n t a t i o n p a t t e r n s . " ' " Mass 

s p e c t r o s c o p i c s t u d i e s on t h e f r e e l i g a n d s h a v e , h o w e v e r , been 

l i m i t e d . P r e v i o u s s t u d i e s have i n v o l v e d t h e f r a g m e n t a t i o n 
2-7 

p a t t e r n s o f N , N ' d i m e t h y l - N ~ p h e n y l f o r m a m i d i n e , and t e t r a -
g 

f l u o r o f o r m a m i d i n e ( C N 2 F 4 ) . F o r s i m p l e a m i d i n e s , h o w e v e r , 
9 

o n l y t h e d e t a i l e d s t u d y o f K e a t s on N,N d i p h e n y I f o r m a m i d i n e 

and N , N ' d i ( c h l o r o p h e n y l ) f o r m a m i d i n e s , and a l e s s d e t a i l e d 

s t u d y o f N f l s T d i p h e n y l - and N , N ' d i c y c l o h e x y l f o r m a m i d i n e s by 

Saeed e x i s t . 

As p a r t o f an i n v e s t i g a t i o n o f t h e p r o p e r t i e s o f s i m p l e 

a m i d i n e s , t h e mass s p e c t r a o f a number o f t h e s e have been 

r e c o r d e d . T h r e e e x a m p l e s (1) N , N ' d i p h e n y l f o r m a m i d i n e , 

(2) N , N ' d i p h e n y l a c e t a m i d i n e , and (3) N , N ' d i p h e n y l b e n z a m i d i n e 

have been s t u d i e d i n d e t a i l , u s i n g a c c u r a t e mass m e a s u r e m e n t s . 

The p a t t e r n s o f t h e o t h e r a m i d i n e s w i l l be d i s c u s s e d more 

g e n e r a l l y w i t h r e f e r e n c e t o t h e d e t a i l e d f r a g m e n t a t i o n p a t t e r n s 

m e n t i o n e d above. 

S p e c t r a l d e t a i l s a r e r e c o r d e d i n T a b l e s 2 . 1 , 2.2 and 

2.3 and ( F i g s . 1.1 - 1 . 3 ) . 

The r e s u l t s f o r N , N ' d i p h e n y I f o r m a m i d i n e {PhNCHN(H)Ph} a r e 
9 10 

i n a g r e e m e n t w i t h t h o s e f o u n d p r e v i o u s l y . ' They i n d i c a t e a 

CH-NH b o n d r u p t u r e t o p r o d u c e t w o f r a g m e n t s C^H^N4" ( m / e l 0 4 ) , and 

CgHgN + ( m / e 9 2 ) . H y d r o g e n m i g r a t i o n a l s o t a k e s p l a c e t o p r o d u c e 

a s t a b l e a n i l i n e t y p e i o n C H N + (m/e93) w h i c h i s t h e base peak 
6 7 

o f t h e s p e c t r u m . The p h e n y l i s o c y a n i d e i o n C,Hj-NC+ ( m / e l 0 3 ) , 
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TABLE 2.1 E m p i r i c a l f o r m u l a o f f r a g m e n t i o n s i n t h e mass 
s p e c t r u m o f N,N - d i p h e n y l f o r m a m i d i n e 

m / e F o r m u l a R e l a t i v e I n t e n s i t y % 

196 CCHCNCHNHC_H.-6 5 6 5 63 

19 5 C,HcNCHNCrH_ b b 6 5 24 

121 11 

104 C,HCNCH 6 5 24 

93 6 5 2 100 

92 C CH CNH 6 5 4 

77 
C 6 H 5 58 

76 
C 6 H 4 3 

71 2 

69 2 

66 
C 5 H 6 14 

65 C 5 H 5 
10 

57 5 

55 5 

51 
C 4 H 3 17 

44 13 

41 CN 2H 8 

39 C3H3 8 

38 
C 3 H 2 3 



76 

TABLE 2.2 E m p i r i c a l f o r m u l a o f f r a g m e n t i o n s i n t h e mass 
s p e c t r a o f N , N ^ d i p h e n y l a c e t a m i d i n e 

m/e F o r m u l a R e l a t i v e I n t e n s i t y % 

210 C , H C N C ( C H _ ) ) N H C . H C 27 
b b j b b 

209 C r H r N C ( C H _ ) N C r H c 19 

180 2 

167 2 

118 C , H C N C C H 0 100 
6 5 3 

117 C , H c N C C H n 8 
6 b 1 

104 C , H C N C H 2 
6 b 

93 C r H c N H n 11 
6 b 2. 

92 CAirN 1 
6 b 

9 1 C , H C N 2 
6 b 

77 C r I L 8 1 
6 b 

76 CrE, 2 
b 4 

75 1 

66 Cciir 2 
b 6 

65 C 5 H 5 4 

64 C 5 H 4 1 

51 C 4 H 3 20 

50 C 4 H 2 1 

42 C N 2 H 2 2 

41 C N 2 H 2 

40 c 3 H 3 1 

39 C 3 H 2 4 



77 

TABLE 2.3 E m p i r i c a l f o r m u l a o f f r a g m e n t i o n s i n t h e mass 
s p e c t r u m o f N,N d i p h e n y l b e n z a m i d i n e 

m/e F o r m u l a R e l a t i v e I n t e n s i t y % 

272 C CH CNC(C,H C)NHC,H C o 5 6 5 6 b l o 

2 7 1 C,HrNC (CrH.-) NC,HC 6 5 6 5 6 5 5 

182 1 

180 C,H,.NCCrHr 6 5 6 5 100 

167 1 

104 0,1-1,-NCH 6 5 1 

77 C 6 H 5 37 

76 C 6 H 4 1 

65 C 5H 3 1 

51 C 4H 3 9 

w h i c h h a d been r e p o r t e d p r e v i o u s l y , J was n o t f o u n d i n t h e s e 

s t u d i e s . F u r t h e r f r a g m e n t a t i o n by l o s s o f HCN o c c u r r e d t o 

g i v e v a r i o u s c
n

H
n

+ s p e c i e s . 

F o r b o t h N, N d i p h e n y l a c e t a m i d i n e and N,N" d i p h e n y 1 -

b e n z a m i d i n e t h e s t a b l e s u b s t i t u t e d a n i l i n e i o n s (PhN-HlO , 

(R'=Ph,CH 3) s i m i l a r t o t h e one d e s c r i b e d above a r e n o t f o r m e d . 

I n s t e a d t h e base peak o f t h e s p e c t r a c o r r e s p o n d s t o a s t a b l e 

[RNCR ] + i o n R'=R=Ph, (m/e 1 8 0 ) , R=Ph, R'=CH (m/e 1 1 8 ) . T h i s 
3 

may be due t o d e l o c a l i s a t i o n f a c t o r s , o r t h e d i f f i c u l t y o f 

h y d r o g e n m i g r a t i o n i n t h e s e compounds. 'The a n i l i n e CgH 7N + 

(m/e 93) i o n i s f o r m e d i n t h e case o f N,N" d i p h e n y l a c e t a m i d i n e , 

b u t i t i s a m i n o r p a r t o f t h e f r a g m e n t a t i o n p a t t e r n . The 

[RNCR'] + i o n u n d e r g o e s f u r t h e r s i m p l e f r a g m e n t a t i o n t o g i v e 

t h e [ C g H 5 ] + (m/e 77) i o n . 
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I n a l l t h r e e cases a s t r o n g m o l e c u l a r i o n was n o t e d 

and an [ M - l ] + peak due t o t h e l o s s o f H° f r o m t h e p a r e n t . 

M e t a s t a b l e i o n s were f o u n d t o s u p p o r t t h e i m p o r t a n t 

t r a n s i t i o n s i n t h e f r a g m e n t a t i o n p a t t e r n s o f t h e t h r e e m o l e ­

c u l e s . The p a t t e r n s a r e d e s c r i b e d i n F i g u r e s 2 . 1 , 2.2 and 

2.3, and s i n c e t h e e x a c t s t r u c t u r e o f t h e f r a g m e n t s f o r m e d 

u n d e r e l e c t r o n i m p a c t i s n o t known, t h e s t r u c t u r e s and mechan­

isms p r e s e n t e d a r e o n l y t o i n d i c a t e t h e o r i g i n o f f r a g m e n t s . 

A s t r o n g m e t a s t a b l e i o n was f o u n d i n t h e s p e c t r u m o f N,N'-

d i p h e n y I f o r m a m i d i n e a t m/e 44.2 c o r r e s p o n d i n g t o t h e t r a n ­

s i t i o n m/e 19 6+9 3 and c o n f i r m i n g t h e l o s s o f t h e PhNC f r a g ­

ment. F o r N,N' d i p h e n y l a c e t a m i d i n e t h e m e t a s t a b l e a t m/e 

66.3 s u p p o r t s t h e i m p o r t a n t m/e 21CH118 t r a n s i t i o n c o r r e s ­

p o n d i n g t o l o s s o f PhNH, and f o r N,N" d i p h e n y l b e n z a m i d i n e a 

m e t a s t a b l e a t m/e 191.1 (m/e 272->180) , c o r r e s p o n d s t o t h e l o s s 

o f t h e same g r o u p . 

The k e y i n T a b l e 2.4 w i l l be u s e d i n t h e d i s c u s s i o n o f 

t h e more g e n e r a l f i n d i n g s o f t h i s s t u d y . 

A l l t h e a m i d i n e s s t u d i e d showed a p a r e n t m o l e c u l a r i o n 

M; I m/e 4 4 ( 4 % ) , I I m/e -, I I I 1 9 6 ( 6 8 % ) , IV 224 ( 4 8 % ) , V 224 

( 1 9 % ) ; VI 58 ( 6 2 % ) ; V I I 210 ( 2 7 % ) ; V I I I 238 ( 5 1 % ) ; I X 238 ( 1 3 % ) ; 

X 238 ( 3 8 % ) ; XI 246 ( 9 % ) ; X I I 100 ( 4 % ) ; X I I I 120 ( 6 7 % ) ; XIV 148 

( 2 5 % ) ; XV 272 ( 1 0 % ) ; XVI 300 ( 1 9 % ) ; X V I I 308 ( 1 8 % ) ; X V I I I 356 

( 8 5 % ) , a n d an [ M - l ] + peak due t o t h e l o s s o f H• f r o m t h e p a r e n t . 

The e x c e p t i o n i s c h l o r o f o r m a m i d i n e ( I I ) , where t h e p a r e n t i o n 

was n o t f o u n d due t o C-Cl bond c l e a v a g e u n d e r e l e c t r o n i m p a c t . 

A l l t h e s u b s t i t u t e d p h e n y l f o r m a m i d i n e s s t u d i e d show a 

s u b s t i t u t e d a n i l i n e t y p e o f i o n as t h e i r base peak. S l i g h t 
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TABLE 2.4 

I : F o r m a m i d i n e H C l ; H C N ^ . H C l . 

I I : C h l o r o f o r m a m i d i n e H C l ; C l C N ^ . H C l . 

I l l : N,N' d i p h e n y l f o r m a m i d i n e ; PhNC(H)N(H)Ph. 

I V : N , N ' d i - p a r a - t o l y l f o r m a m i d i n e ; p-CH 3-C^-NC (H) N (H) 
C 6H 4-CH 3-p. 

V: N,N d i - o r t h o - t o l y l f o r m a m i d i n e ; omCH3CgH4~NC(H)N(H) 
C 6H 4CH 3-o. 

V I : A c e t a m l d i n e H C l ; CH 3CN 2H 3HC1. 

V I I : N , N ' d i p h e n y l a c e t a m i d i n e ; PhNC(CH 3)N(H)Ph. 

V I I I : N , N ' d i - p a r a - t o l y l a c e t a m i d i n e H C l ; p-CH^gH^NC (CH 3) N (H) CgH^ 
CH 3-p. HCl 

I X : N , N ' d i - o r t h o - t o l y l a c e t a m i d i n e HCl; o.CH3CgH4NC(CH3)N(H)C^l 

CH 3-o. H C l . 

X: N , N ' d i b e n z y l a c e t a m i d i n e H C l ; PhCH 2NC(CH 3)N(H)CH 2Ph.HCl. 

X I : N , N ' d i - p a r a - f l u o r o p h e n y l a c e t a m i d i n e ; p . F • C g H ^ C ( C H 3 ) N ( H ) • 

C 6H 4-F p. 

X I I : T - b u t y l a m i d i n e H C l ; C^HgCN^ .HCl. 

X I I I : B e n z a m i d i n e HCL; C,H CCN 0H-.HCl. 
b b I 5 

XIV: N , N ' d i m e t h y l b e n z a m i d i n e ; CH 3-NC(Ph)N(H)CH 3 . 

XV: N , N ' d i p h e n y l b e n z a m i d i n e ; PhNC(Ph)N(H)Ph. 

XVI: N , N ' d i - p a r a - t o l y l b e n z a m i d i n e ; p.CH 3•C^H 4•NC(Ph)N(H)• 
C , H . CH - . p. 

6 4 3 
X V I I : N , N ' d i - p a r a - f l u o r o p h e n y l b e n z a m i d i n e ; p .F•CgH^NC(Ph)N(H) 

C 6H 4'F.p. 
o 
X V I I I : N ^ ^ d i - p a r a - i s o p r o p y l p h e n y l b e n z a m i d i n e ; P.CH 3CH 3CH 2• 

NC (Ph) N) H) C 6H 4CH 2CH 2CH 3 «P,. 
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d i f f e r e n c e s b e t w e e n t h e ortho (V) and para ( I V ) t o l y l 

d e r i v a t i v e s w e r e n o t e d , t h o u g h s t r o n g peaks o b s e r v e d f o r 

b o t h i o n s (a) and ( b ) . 

+ CH 

<£>-
CH 

> 0 0 IH MH 

(a) (b) 

I n t h e ortho c a s e , t h e (a) t y p e i o n i s s l i g h t l y more p r o ­

m i n e n t (m/e 1 0 7 ) , and i n t h e para case t h e (b) t y p e (m/e 106) 

i s s t r o n g e r . These d i f f e r e n c e s may be a t t r i b u t e d t o s m a l l 

d i f f e r e n c e s i n r e s o n a n c e . I n t e n s e p eaks a r e a l s o f o u n d f o r 

t h e [ C H 3 C g H ^ ] + i o n (m/e 91) i n b o t h t h e s e c a s e s . 

The a c e t a m i d i n e s and b e n z a m i d i n e s i n g e n e r a l have t h e 

s u b s t i t u t e d [RCNR^] + i o n as t h e i r base peak, t h e e x c e p t i o n s 

b e i n g N,N d i b e n z y l a c e t a m i d i n e (X) w h e r e t h e o c c u r r e n c e o f H 

m i g r a t i o n p r o d u c e s a base peak due t o t h e [CgH^-CH2 -NH] + 

(m/e 106) i o n , and N , N ' d i m e t h y l b e n z a m i d i n e (XV) w h e r e t h e 

[ M - l ] + peak i s t h e base peak. A v e r y s t r o n g [RCNR'] + i o n 

was a l s o f o u n d i n t h e N , N ' d i m e t h y l b e n z a m i d i n e s p e c t r u m . 

S t r o n g peaks due t o t h e [C,H.-] + i o n (m/e 77) were f o u n d i n 
b _> 

a l l c a s e s , and f o r N ,N ' d i - p - f l u o r o p h e n y l a c e t a m i d i n e ( X I ) and 

N , N ' d i - p - f l u o r o p h e n y l b e n z a m i d i n e ( X V I I ) s t r o n g peaks a t m/e 95 

a t t r i b u t a b l e t o t h e [ C 6 H 4 F ] + i o n were f o u n d . 

The s p e c t r u m o f N , W d i - - p - - i s o p r o p y l - p h e n y l b e n z a m i d i n e ( X V I I I ) 

shows some s i d e c h a i n f r a g m e n t a t i o n i n t h e i n i t i a l b r e a k d o w n 

s t a g e . The p r o p y l g r o u p l o s e s a m e t h y l g r o u p and t w o h y d r o g e n 

g r o u p s , w h i l s t a c o n c o m i t a n t t o t a l s i d e c h a i n l o s s o c c u r s ; 
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the l a t t e r b e i n g the more f a v o u r e d p r o c e s s . 

The u n s u b s t i t u t e d a m i d i n e s formamidine ( I ) , c h l o r o -

formamidine ( I I ) , a c e t a m i d i n e ( V l ) , t e r t - b t i t y l a m i d i n e ( X I I ) , 

and b e n z a m i d i n e ( X I I I ) , a l l undergo a s i m i l a r breakdown 

p a t t e r n w h i c h i n v o l v e s c l e a v a g e o f t h e bond between the sub-

s t i t u e n t and t h e c e n t r a l carbon atom of the amidine m o i e t y . 

Thus t h e i o n [ d S ^ H ^ ] * (m/e 43) i s produced i n a l l c a s e s . 

S u p p o r t i n g peaks f o r ( X I I ) a t m/e 67 [ C 4 H g ] + f o r X I I I a t 

m/e 77 [ C g H ^ ] + were a l s o found. S u p p o r t i n g peaks f o r t h e 

o t h e r u n s u b s t i t u t e d a m i d i n e s were n o t found b e c a u s e peaks 

below m/e 35 were not r e c o r d e d . F o r both ( X I I ) and ( X I I I ) 

o t h e r f r a g m e n t a t i o n r o u t e s were o b s e r v e d . 
. "(NH ) 

(1) [ C g H 5 C N 2 H 3 ] (m/e 120) JJgf* [CgHgGNHj] (m/e 104) 

(base peak. 

(2) [ C 6 H 5 ] + (m/e 77) ~ ^ 6 f H » [ C 4 H 3 ] + (m/e 5 1 ) . 

-CH 
(3) [ C 4 H 9 C N 2 H 3 ] (m/e 100) t C 3 H 6 C N 2 H 3 ] ( m / e 8 5 ) 

•~CH 
(4) [ C 4 H 9 ] + (m/e 57) ^-|p> £ C

3
H

6 ] + (n»/e 42) 

I n c o n c l u s i o n the s p e c t r a o f s u b s t i t u t e d a c e t a m i d i n e s 

and b e n z a m i d i n e s a r e s i m i l a r i n t h a t t h e i r f r a g m e n t a t i o n i n ­

v o l v e s an [RNCR'] + i o n , p o s s i b l y s t a b i l i s e d by r e s o n a n c e . 

The s u b s t i t u t e d f©rm a m i d i n e s however, fragment via a sub­

s t i t u t e d a n i l i n e t y p e of i o n [R'-C,H_N] +, which may be due 
D / 

t o hydrogen m i g r a t i o n w h i c h i s d i f f i c u l t i n t h e former c a s e s . 

The i m p o r t a n t f r a g m e n t a t i o n f o r u n s u b s t i t u t e d a m i d i n e s 

was found t o be t h a t i n v o l v i n g c l e a v a g e o f t h e s u b s t i t u e n t t o 

c e n t r a l c a r b o n atom o f t h e amidine m o i e t y bond. 
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E x p e r i m e n t a l ; 

The mass s p e c t r a w e r e d e t e r m i n e d on p u r e s a m p l e s u s i n g 

an A . E . I . MS-9 mass s p e c t r o m e t e r and a V.G.7070E mass s p e c t r o ­

m e t e r . The s a m p l e s w e r e a n a l y s e d by a d i r e c t i n s e r t i o n p r o b e 

a t an i o n i s i n g c u r r e n t o f 70 eV. The i o n s o u r c e t e m p e r a t u r e 

was 190°C. E l e m e n t a l c o m p o s i t i o n s w e r e d e t e r m i n e d by 

a c c u r a t e mass measurement. 
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CHAPTER THREE 

A SPECTROSCOPIC STUDY OF A LITHIOAMIDINE 

TOGETHER WITH A 1 3 C N.M.R. STUDY OF 

A SERIES OF AMIDINES 
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INTRODUCTION 

Considering the widespread use of lithium-amidine 

reagents i n t r a n s i t i o n - metal and main-group chemistry"'', 
2 

they have been l i t t l e s t u d i e d and t h e i r molecular form i n 

s o l u t i o n i s not known. An example compound, N,N'di-p-fluoro-

phenyl-benzamidinolithium, has been prepared and studied by 

mass spectroscopy, i n f r a - r e d and n.m.r. techniques. 

3.1 Experimental 

Three a l i q u o t s (3.08g., lOmmol) of DPFPBAH were placed 

i n f l a s k s which had p r e v i o u s l y been flame d r i e d and purged 

v i g o r o u s l y with nitrogen. The amidine i n each f l a s k was 

d i s s o l v e d by one of three s o l v e n t s ; hexane (100ml.), t e t r a -

hydrofuran (100ml.), or monoglyme (100ml.). Each s o l u t i o n 

was then cooled to 0°C using an i c e - b a t h , and lOmmol of n-

b u t y l l i t h i u m (1.54M) added to each f l a s k . The s o l u t i o n s 

were allowed to warm to room temperature, and s t i r r e d f o r a 

f u r t h e r 30 minutes to allow the r e a c t i o n to f u l l y develop. 

A l l of the s o l u t i o n s were yellow-green i n colour at t h i s stage. 

The s o l v e n t was removed i n each case in vacuo and a v i s c i d 

yellow m a t e r i a l r e s u l t e d i n a l l c a s e s . The i n f r a - r e d and mass 

s p e c t r a of the T.H.F. derived s o l i d were taken at t h i s stage. 

The s o l i d s were e x t r a c t e d with d -benzene, and the s o l u t i o n s 

s e a l e d i n n.m.r. tubes which had been baked at 150°C for 

s e v e r a l days. The s o l u t i o n s were used to y i e l d a s e r i e s of 

"Hi, "^C and "^F n.m.r. s p e c t r a . 
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3.2 I n f r a - r e d 

( n u j o l mull C s l p l a t e s ) , 1600w., 1260s., 1210w., 1100 v . s . , 

1020 v . s . , 870w., 875m.sh., 805v.s., 730w., 705v.w., 600w., 

520w.br., 470m., 455m., 390m., 2 50m., cm 1 . 

3.3 Mass Spectroscopy 

Because of the s e n s i t i v e nature of the compound ( a i r , 

m o i s t u r e ) , a n a l y s i s was c a r r i e d out by chemical i o n i s a t i o n 

using isobutane as c a r r i e r . 

TABLE 3.1 The mass spectrum of N,N"di-p-fluoropheny1-
benzamidino l i t h i u m . 

m/e assignment % i n t e n s i t y 

463 7 L i C 1 9 N 2 F 2 H 1 3 ( T . H . F . ) C g H 5 1 

368 7 L i C 1 9 N 2 F 2 H 1 3 { C 4 H 6 } 1 

354 7 L i C 1 9 N 2 F 2 H 1 3 { C 3 H 4 } 14 

313 7 L i C 1 9 N 2 F 2 H 1 2 46 

312 7 L i C 1 9 N 2 F 2 H l l 96 

311 7 L i C 1 9 N 2 F 2 H 1 0 43 

242 F-C 6H 4N-C-Ph{C 3H 7} 15 

199 F-C.H.N-C-PhiH} 96 

105 PhCN{2H} 18 

72 C 4H 80 100 

3.4 N.M.R. 

(See Tables 3.2, 3.3 and 3.4 and Figure 3.1). 

http://520w.br
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TABLE 3.3 H N.M.R. of Li(DPFPBA) Solvates (6 values) 

H ortho H me ta H's Rat i o of Li(Am) 
F - r i n g F - r i n g C-ring to Solvate o o i v a t e 

7.01d{4H} 6.95d{4H} 6.85s{5H] lLi(AM):lHexane Hexane 
(J=8) (J=7) (Solvate :0.88m 

6.82s {CH 3},1.38m. 

{CH 2 } , 3.38br. 

6.79s {CH 2} 

(J=8) 

7.02d{4H} 6.96d{4H} 6.85{5H} lL i ( A M ) : 0.5 T.H.F. T.H.F. 

(J=8) ( S o l v a t e : 3.59br. (J=8) ( S o l v a t e : 3.59br. 

6.26 {4H} 1.47br. {4H} 

6 .79 

(J=8) 

7.03d{4H} 6.96d{4H} 6.82 l L i (Am) : 2 Mono- Monoglyme 

glymes (Solvate: 
(J=8) (J=8) 3.90s{4H} 3.18s. 
(J=8) (J=8) 

6.83 3.90s{4H} 3.18s. 

{6H} . 

6.86 

(J=8) 

KEY: a l l s h i f t s r e l a t i v e to T.M.S. = 0 i n p.p.m., s = s i n g l e t , 

d = doublet, m = m u l t i p l e t . J values given i n Hz. 
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TABLE 3.4 F N.M.R. of Li(DPFBA) Solvates 

Complex Solvate 19 
F S i g n a l p.p.m. 

Li(DPFBA) T.H.F. -120.05 

Li(DPFBA) Hexane -119.94 

Li(DPFBA) Mono- -120.05 

glyme 

DPFPBA -122.37 

E x t e r n a l CFCl^ was used as reference f o r the complexes, 

and i n t e r n a l CFC1 0 f o r DPFPBA. 

3.5 D i s c u s s i o n 

The i n f r a - r e d data has two notable f e a t u r e s , the f i r s t 

as expected i s the absence of an N-H s t r . v i b r a t i o n i n d i c ­

a t i n g t h a t l i t h i a t i o n has taken p l a c e . Secondly bands at 

1600 cm - 1 and 1210 cm"1 by t h e i r p o s i t i o n and i n t e n s i t y 

i n d i c a t e a symmetrical bidentate bonding mode s i m i l a r to 

that found for Pd^-CH^-C^H^NC (H) NCgH^-CH^-p ^ which has 

d e l o c a l i s e d N-C-N skeletons present. I t i s not p o s s i b l e 

to d i f f e r e n t i a t e between c h e l a t e or b r i b i n g modes of bonding. 



The r e a c t i v e nature of the l i t h i o - a m i d i n e and the use 

of an alkane c a r r i e r gas i n the C . I . mass spectrum caused a 

number of i n t e r a c t i o n s . The c a r r i e r gas c o n t r i b u t i o n s to 

the peaks are enclosed i n brackets i n Table 3.1. The ion 

Li(DPFPBA), (m/e 314), was not seen but the fragments around 

t h i s s p e c i e s i n d i c a t e fragments of an oligomer, or l o s s of 

protons i n the spectrometer. The higher masses found cannot 

be assigned with any degree of c e r t a i n t y ; however t h e i r pre-

sense i s c o n s i s t e n t with the oligomeric nature expected of 

a l i t h i o - a m i d i n e complex, and which has been reported for 
4 

r e l a t e d l i t h i u m nitrogen systems. T.H.F. (m/e 72) i s 

not i c e a b l y present. 

19 

The s i n g l e F s i g n a l noted for a l l the complexes i s 

i n agreement with symmetrical bonding, and r u l e s out r e t a l i ­

a t i o n of one of the r i n g s or monodentate bonding, s i n c e these 
19 

would r e q u i r e two F s i g n a l s i n s t e a d of the one found e x p e r i -
5 

mentally. I n t e r e s t i n g l y Knoth found a s i m i l a r r e s u l t for the 
analogous d i - p - f l u o r o p h e n y l t r i a z e n e - l i t h i u m complex with one 
19 

F n.m.r. s i g n a l being noted a t -123.99 p.p.m. i n T.H.F. The 
19 

s m a l l s h i f t s u p f i e l d oa. 2 p.p.m. i n the F n.m.r. s p e c t r a are 

p o s s i b l y due to gr e a t e r s h i e l d i n g of the f l u o r i n e s because of 

bond p o l a r i s a t i o n i n the amidino l i g a n d . A s i m i l a r u p f i e l d 
s h i f t f o r the C-̂  and Cg carbons (Figure 3.1), i s present i n the 
13 

C s p e c t r a , and occurs for the same reason. The n.m.r. s p e c t r a 

of the amidine and the l i t h i o complexes are very s i m i l a r with 

s l i g h t u p f i e l d s h i f t s being noted for the carbons of the l i t h i o 

d e r i v a t i v e s . The J C _ F coupling constants found for the Cg 

and Cg, (Figure 3.9) carbons of the amidine and i t s l i t h i o 

d e r i v a t i v e s were found to be s i m i l a r to those found f o r f l u o r o -
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benzene, of 245 and 21Hz. The s i g n a l f o r C 6/C g (Figure 

3.1) was very weak and considerably broadened. There was 

no evidence of asymmetry or m e t a l l a t i o n of the r i n g s , again 

t h i s i s evidence for symmetrical bonding. The proton n.m.r. 

shows two d i s t i n c t r i n g systems, again as expected for 

symmetric bonding. The "quartet" found i n the aromatic 

region 67.02-6.95 i s " f i n g e r p r i n t " evidence that these s i g ­

n a l s are due to the para d i - s u b s t i t u t e d f l u o r i n e containing 

r i n g s . Quantum mechanieal c o n s i d e r a t i o n s p r e d i c t no l e s s 

than ten l i n e s f o r each nucleus A and B (Figure 3.2). How­

ever, p r a c t i c a l l y a "quartet" of s i g n a l s as found i n our 

BB \ B H H (B) 

AB 

AB 
A H (A H 

N 

(Fig.3.2) 

s p e c t r a i s observed. The observed coupling constant 7-8Hz 

are not J A X but e i t h e r a good approximation to i t or a J H _ F 

coupling constant; i t i s not p o s s i b l e to d i f f e r e n t i a t e between 
13 1 

these coupling constants. I n both the C and H n.m.r. 

s p e c t r a there i s evidence f o r the presence of s o l v a t e . Using 

the i n t e g r a t i o n values from the proton s p e c t r a , an approxim­

a t i o n of the amount of s o l v a t e present was c a l c u l a t e d . Be­

cause of the e r r o r s involved the f i g u r e s should only be regarded 

as approximate. The data i n d i c a t e d the following formul­

a t i o n s , Li(Am)Hexane; Li(Am)0.5 T.H.F., Li(Am).2.Monoglyme. 
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The data found i s c o n s i s t e n t with an Li(Am) (Solvent) 

s p e c i e s being formed which have symmetrically bonded, 

bidentate amidine groups present. 

The complexes are analogous to those described r e -
7 + -c e n t l y by Snaith as L i [RN ^r-r-r C ( R ' ) . . . . NR] , and are 

3 + r e l a t e d more to the n - a z a - a l l y l type of complex L i [CH 2 -n-r 
— 8 9 CR TTT NR] , than to the " i o n i c " a l l y l bonded L i C ^ type 

of complex. 

13 
3.6 C n.m.r. of Parent Amidines 

The data i s presented i n Table 3.5. The numbering 

system corresponds to Figure 3.3. 

7 •-, 8̂ -8 7 X 
9/QV N C N 6 - y 0 \ 9 ' ( F i g . 3.3) 

when X-Ph, -(o^1 X may a l s o be H, CH 3, t - b u t y l or 

C I . Cg/Cg' may be a CH^ group or a proton. 

The compounds should be regarded i n two groups. 
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The f i r s t group c o n s i s t s of the hydrochlorides, the s p e c t r a 

of which should be regarded as amidinium c a t i o n s p e c t r a , 

which have been shown to absorb a t s l i g h t l y lower f i e l d s than 

the fre e amidines. Taking the s e r i e s as a whole, there 

appears to be l i t t l e c o r r e l a t i o n between the nature of the 

su b s t i t u e n t on the C-̂  carbon (Figure 3.3), and the chemical 

s h i f t s observed, A few simple observations were noted. 

The electron-withdrawing CI group causes a s h i f t (5 p.p.m.) 

of the N-C-N, C ^ , s i g n a l (Figure 3.3), i n chloroformamidine 

HCl (166.6 p.p.m.) downfield of that of the C-̂  s i g n a l of 

formamidine HCL (161.3 p.p.m.). The increa s e d crowding 

e f f e c t s of the methyl group i n acetamidine HCl, and the 

t - b u t y l group i n t-butylamidine HCl cause a s i m i l a r s h i f t 

downfield of the C^ s i g n a l of formamidine HCl. The second 

s e r i e s c o n s i s t s of the fr e e N,N'disubstituted amidines, and 

a s l i g h t u p f i e l d s h i f t i s no t i c e a b l e for the C-̂  (Figure 3.3) 

s i g n a l i n the sequence Ph>CH3>H. The d i f f e r e n c e between 

the acetamidine and benzamidine C-̂  s i g n a l s i s sma l l . In 

gen e r a l , where data for comparison i s a v a i l a b l e , the C-̂  

(Figure 3.3) carbon of amidines resonates at a higher f i e l d 

than i n the corresponding amides (e.g. HCONH-; C,-16 7.6 p.p.m.) 

U) 
or c a r b o x y l i c a c i d s (e.a. HCOOH; C,-166.3 p.p.m.); CH-.COOH; 

( i ) U) h) 
C^-177.2 p.p.m.; C2 -21.1). Other atoms such as the C^ 
carbon (Figure 3.3), show a s i m i l a r e f f e c t i n the same 
d i r e c t i o n . 
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INTRODUCTION; 

This chapter i s concerned with the s y n t h e s i s , and study 

of metal-amidine complexes to provide background information 

on metal-nitrogen bonded systems, r e l e v a n t to understanding 

the c a t a l y t i c processes i n v o l v i n g organonitrogen compounds. 

I n c a t a l y s i s the platinum group metals are widely used as 

both the metal and i n complex form. Amidine complexes are 

important i n t h i s context, and t h i s chapter d e s c r i b e s the 

preparation and c h a r a c t e r i s a t i o n of a number of bis-amidino 

n i c k e l , palladium and platinum ( I I ) complexes. T h e i r 

s y n t h e s i s was achieved by the r e a c t i o n of the metal ( I I ) 

c h l o r i d e or metal b i s - b e n z o n i t r i l e d i c h l o r o r i d e with l i t h i o -

amidines, viz , 

MC12 or M(PhCN) 2Cl 2 + L i amidine — o [M(amidino) 2] + 2 L i C l 
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4.1 N o t a t i o n 

I n t h i s t h e s i s a s h o r t h a n d n o t a t i o n f o r a m i d i n e s has 

been employed f o r the c h a p t e r s d e a l i n g w i t h t r a n s i t i o n m e t a l 

amidine complexes, i.e. DPTBAH = N , N ' - d i - (p_-toly 1) ben z ami d i n e . 

The H s u f f i x d e notes t h a t the amidine i s t h e p a r e n t amidine 

w i t h a N-H group. I f t h e f i n a l H i s o m i t t e d the s h o r t h a n d 

r e f e r s t o the amidino group, i.e. DPTBA = N , N ' - d i - ( p - t o l y l ) -

benzamidino group = [ p - t o l y l N C(Ph) N p - t o l y l ] . 

4.2 E x p e r i m e n t a l 

The f i r s t s t e p s i n t h e s y n t h e s i s of c a r b o x y l a t e a n a l o g u e s , 

i n v o l v e l i t h i a t i o n of an amidine, and i t s s u b s e q u e n t r e a c t i o n 

w i t h a m e t a l compound. The p r o c e d u r e i s s i m i l a r i n a l l c a s e s , 

hence t h e method w i l l be d e s c r i b e d i n d e t a i l o n l y f o r t h e 

p r e p a r a t i o n of P t { p - F C g H 4 N C ( C g H 5 ) N C g H 4 F - p } 2 . Where n e c e s s a r y 

f u r t h e r d e t a i l s and v a r i a t i o n s i n work up p r o c e d u r e w i l l be 

n o t ed f o r e a c h complex p r e p a r e d . 

A l l e x p e r i m e n t a l m a n i p u l a t i o n s were c a r r i e d out under 

d r y n i t r o g e n , r e a c t a n t s b e i n g added a g a i n s t a c o u n t e r - c u r r e n t 

of n i t r o g e n g a s . 

4.2.1 R e a c t i o n of P t ( P h C N ) 2 C l 2 w i t h [p - F C g H ^ L i } C ( C g H 5 ) N 
C 6 H 4 F - p ] 

DPFBAH, (1.5400g, 5mmol) was d i s s o l v e d i n d i e t h y l 

e t h e r (50ml.) p r o d u c i n g a l i g h t y e l l o w s o l u t i o n . The s o l u t i o n 

was c o o l e d by means o f an i c e b a t h , and an e q u i v a l e n t molar 

amount of n-bu£yl-lithium ( l M i n h e x a n e ) added via a s y r i n g e . 
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The s o l u t i o n was then allowed to reach room temperature 

w h i l s t being s t i r r e d . On reaching room remperature the 

s o l u t i o n was yellow-green i n colour; s t i r r i n g a t room temper­

ature was undertaken for 30 minutes to allow for complete 

r e a c t i o n . The s o l u t i o n was then frozen to -196°C by im­

mersion i n l i q u i d nitrogen, and s o l i d platinum bis-benzo-

n i t r i l e d i c h l o r i d e (Pt(PhCN) 2C1 2; 1.180g. 2.5mmols) added. 

The s o l u t i o n was then allowed to reach room temperature 

w h i l s t being v i g o r o u s l y s t i r r e d . 

A f t e r 30 minutes at room temperature the s o l u t i o n 

was dark yellow-green i n colour, and a f t e r 1 hour golden-

yellow. The s o l u t i o n was s t i r r e d f o r s i x t e e n hours a t room 

temperature to ensure the r e a c t i o n was complete. When 

s t i r r i n g was stopped a b r i g h t - y e l l o w s o l i d , and a dark brown 

l i q u o r r e s u l t e d . The s o l u t i o n was c a p i l l a r y f i l t e r e d . The 

brown l i q u o r was concentrated by evaporation of the s o l v e n t 

using a r a p i d flow of nitrogen, a s l i g h t yellow p r e c i p i t a t e 

being noted and f i n a l l y t r a c e s of solvent were removed under 

reduced pressure to produce a brown s o l i d . The re s i d u e was 

r e - d i s s o l v e d i n d i e t h y l ether (30 ml.), and the s o l u t i o n 

f i l t e r e d . A brown-yellow s o l i d formed when the l i q u o r was 

concentrated under reduced p r e s s u r e . Attempts at r e c r y s -

t a l l i s a t i o n of t h i s s o l i d i n acetone r e s u l t e d i n gum formation. 

The s o l i d was f i n a l l y r e c r y s t a l l i s e d from dichloromethane 

(20 ml.), to produce Pt{p-FCgH 4NC (CgH,.) N C ^ F - p } 2 as a mustard-

brown powder. T h i s was washed with 60/80 petroleum ether 

(10 ml.), before drying in vacuo. 

I n f r a - r e d s t u d i e s i n d i c a t e d that some product 

remained i n the o r i g i n a l yellow f i l t r a t e , which a l s o gave a 
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p o s i t i v e l i t h i u m flame t e s t , t h e r e f o r e f u r t h e r e x t r a c t i o n s 

were c a r r i e d out to y i e l d more product. Any attempt to 

p r e c i p i t a t e the product out of s o l u t i o n by a d d i t i o n of n-

pentane, hexane or toluene r e s u l t e d i n n o t i c e a b l e decompos­

i t i o n and p r e c i p i t a t i o n of impure product. 

^ N.M.R. (CDC1 3) ppm: 67.6, 7.0, 6.4(26) very broad. 

1 9 F n.m.r.(CDC1 3) ppm:-120.2 s i n g l e t ( C F C l j ) . 

195 2 Mass spectrum; The parent ion [ Pt(DPFPBA) 2] was observed 

at m/e 809. Fragmentation occurred by two pathways A and 

B, (Sec t i o n 4.3). A low i n t e n s i t y peak corresponding to 

[ 1 9 5 P t (DPFPBA) 2)(PhCN) ] + was a l s o noted at m/e 912. 

P o s i t i v e Ion F.A.B. Mass Spectrum: ( i ) g l y c e r o l mull; 

only weak peaks corresponding to the li g a n d were observed, 

( i i ) i n 2,4 diamyl phenol; the general f e a t u r e s of the 

spectrum were found to be s i m i l a r to t h a t found f o r t r a n s ­

i t i o n metal a l l y l complexes which have been studied p r e v i o u s l y 

by t h i s technique 1 „ Fragmentation was c h a r a c t e r i s e d by 

weak parent ions and numerous fragment ions i n d i c a t i n g a 

complex breakdown p a t t e r n . The parent ion at m/e 810 c o r r e s ­

ponds to [M+l], and the peak at m/e 503 corresponds to the 
195 + [ Pt(DPFBA)+l] ion. Ions were observed at m/e 309, 

m/e 198, and m/e 195 corresponding to [DPFBA+1] + (PhCN 2C 6H 4~ 
+ 195 + 

F] and [ Pt] r e s p e c t i v e l y . A number of other ions were 

observed at m/e 516, 474, 459, 443 and 389 which may be due 

to fragmentations of the co-ordinated li g a n d , or e l s e decom­

p o s i t i o n of the complex. Decomposition i s a p o s s i b i l i t y 

because the mull was made up i n a i r . Neither of these two 

p o s s i b i l i t i e s may be r u l e d out. 
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4.2.2 Reaction of P t ( P h C N ) 2 C l 2 with [ p - P r 1 C g H 4 N ( L i ) C -
(C 6H^NC 6H 4Pr 1^p] 

Q u a n t i t i e s used: P t ( P h C N ) 2 C l 2 (1.180g., 2.5 mmol), 

DPIPBAH (1.78g., 5 mmol); d i e t h y l ether (30 ml.). 

The l i t h i a t i o n and r e a c t i o n steps were c a r r i e d out 

as d e s c r i b e d p r e v i o u s l y (Section 4.2.1). A f t e r 16 hours the 

r e s u l t a n t brown mixture was allowed to s e t t l e y i e l d i n g a 

yellow s o l i d and a brown l i q u o r . The s o l u t i o n was f i l t e r e d 

and the s o l v e n t removed in vacuo from the f i l t r a t e to y i e l d 

a brown s o l i d which was e x t r a c t e d with dichloromethane (30 ml.). 

A f t e r f i l t r a t i o n the s o l u t i o n was reduced i n volume to y i e l d 

P t{p-Pr 1CgH 4NC(C gH 5)NC 6H 4Pr 1p} 2, as a mustard brown s o l i d 

which was r e c r y s t a l l i s e d from dichloromethane. 

"''H N.M.R. , (CDC1 3) ppm: 67 .1-6. 4 (26) very broad, 2.7(4) 

very broad 1.2, 139, 1.1(24) m u l t i p l e t broad. 
19 5 + Mass spectrum: the parent ion [ Pt(DPFPBA) 2] was observed 

at m/e 905. Fragmentation occurred through both pathway 

A and pathway B, (Section 4.3). A low i n t e n s i t y peak c o r r e s ­

ponding to t 1 9 5 P t ( D P I P B A ) 2 ( P h C N ) ] + was observed at m/e 1008. 

4.2.3 Reaction of P t ( P h C N ) 2 C l 2 with [CH 3N(Li)C(CgH 5)NCH 3l: 

Q u a n t i t i e s used: Pt(PHCN) 2C1 2, (1.18g; 2.5 mmol), 

DMBAH (0.74g; 5mmol); d i e t h y l ether (100 ml.). 

The l i t h i a t i o n step, and addition of r e a c t a n t s 

were c a r r i e d out as described i n Section 4.2.1. A f t e r 16 hours 

the mustard brown r e a c t i o n was reduced to a yellow residue 

by evaporation using a vigorous flow of nitrogen. D i c h l o r o ­

methane (200 ml.) was added y i e l d i n g a yellow s o l i d and a 
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yellow l i q u o r . The so l v e n t e x t r a c t was removed by s y r i n g e 

and a f t e r f i l t r a t i o n was concentrated under reduced p r e s s u r e 

to y i e l d golden-yellow p l a t e s . The s o l i d was r e c r y s t a l l i s e d 

from dichloromethane (20 ml.) to y i e l d Pt{CH 3NC(C gH 5)NCH 3} 2. 

Further r e c r y s t a l l i s a t i o n from toluene (60 ml.) and d i c h l o r o ­

methane (25 ml.) were c a r r i e d out. 

"Si N.M.R. (CDC1 3) ppm. 67.5(10), 2.9(12) both s i g n a l s very broad. 

Mass spectrum: Weak peaks were observed a t m/e 621 c o r r e s -
195 + ponding to [ Pt(DMBA) 2CN 2CH 3C 6H 5] , m/e 518 corresponding 

195 + to t Pt(DMBA) 2NCH 3] and at m/e 503 corresponding to 
195 +2 [ Pt(DMBA) 2N] . A strong peak was observed at m/e 489 

195 + 

corresponding to [ Pt(DMBA) 2] . Fragmentation occurred 

through pathways A and B, (Section 4.3). 

4.2.4 Reaction of P t ( P h C N ) 2 C l 2 with [C gH 5N ( L i ) C (C gH 5) -_ _ _ _ _ 

Q u a n t i t i e s used: Pt(PhCN) 2C1 2, (0.59g, 1.25 mmol); 

DPBAH (0.68g; 2.5mmol), d i e t h y l ether (50 ml.). 

The l i t h i a t i o n step and the addition of r e a c t a n t s 

were c a r r i e d out as described p r e v i o u s l y (Section 4.2.1). 

A f t e r 16 hours a yellow mixture r e s u l t e d , which was reduced 

to a yellow s o l i d using a vigorous flow of nitrogen. Three 

e x t r a c t i o n s with toluene 100 ml., 60 ml. and 60 ml. were 

s e p a r a t e l y f i l t e r e d . Evaporation of the toluene using a 

nitrogen stream y i e l d e d yellow powders which were found to 

be s i m i l a r by i . r . spectroscopy. They were combined and 

r e c r y s t a l l i s e d from dichloromethane (20 ml.). The product 

Pt(DPBA) 2 c o n s i s t e d of yellow m i c r o c r y s t a l l i n e needles i n a 

powder. 
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H N.M.R. (CDC1 3) ppm: 67.0, 6.9, 6.8, 6.7 (30) very broad. 
19 5 + 

Mass spectrum: the parent ion [ Pt(DPBA) 2] was observed 

at m/e 7 35. Fragmentation occurred by both pathway A 

and pathway B (Section 4.3) . 

4.2.5 Reaction of P t ( P h C N ) 2 C l 2 with [p-CH 3C 5H 4N(Li)C-
C 6H 5)NC 6H 4CH 3-p]. 

Q u a n t i t i e s used: P t ( P h C N ) 2 C l 2 (0.295 g; 0.625 

mmol), DPTBAH (0.375g; 1.25 mmol), tetra h y d r o f u r a n (50 ml.). 

The l i t h i a t i o n step and addition of re a c t a n t s was 

c a r r i e d out as described p r e v i o u s l y (Section 4.2.1). A f t e r 

16 hours the s o l u t i o n was golden-yellow i n colour. Complete 

so l v e n t removal was achieved using a vigorous stream of 

nitrogen, and the s o l i d formed was e x t r a c t e d with d i c h l o r o -

methane (100 ml.). The f i l t e r e d s o l u t i o n was placed i n a 

f r e e z e r (-16°C) overnight, and a small quantity of f l u f f y 

yellow s o l i d was deposited. The s o l i d which had a p o s i t i v e 

l i t h i u m flame t e s t was removed by f i l t r a t i o n . The l i q u o r 

was concentrated under reduced pressure, and placed i n the 

f r e e z e r f o r s e v e r a l days. A yellow-brown s o l i d was deposited 

which was separated and r e c r y s t a l l i s e d from dichloromethane 

to y i e l d Pt(DPTBA) 2 as a yellow powder which was washed with 

toluene (30 ml.) before drying. 

1H N.M.R. (CDC1 3) p.p.m. 67.2-6.4 (26) very broad, 2.2(12)broad. 
19 5 + 

Mass spectrum: The parent ion [ Pt(DPTBA) 2] was observed 

at m/e 793. Fragmentation occurred by both routes A and B 

(Secti o n 4.3). 
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4.2.6 Reaction of Pt(PhCN) 0C1 0 with [C^H^N(Li)C-
J ' b b" 

Q u a n t i t i e s used: P t ( P h C N ) 2 C l 2 (1.18g., 2.5mmol), 

DPAAH (1.05g.; 5mmol), tetrahydrofuran (60 ml.). 

L i t h i a t i o n and add i t i o n of r e a c t a n t s was c a r r i e d 

out i n the manner described p r e v i o u s l y (Section 4.2.1). A f t e r 

16 hours the r e a c t i o n s o l u t i o n was orange i n colour. Dichloro-

methane (20 ml.) and n-pentane (50 ml.) were added to the r e ­

ac t i o n mixture and i t was cooled to -16°C. The s o l u t i o n 

y i e l d e d a mustard yellow s o l i d which was separated by f i l t ­

r a t i o n . The mother l i q u o r was reduced i n volume in vacuo 

to 40 ml., n-pentane (40 ml.) was added and the mixture cooled 

to -16°C. More mustard brown s o l i d was produced, which was 

f i l t e r e d and washed with n-pentane (20 ml.). The process 

was repeated again to i n c r e a s e y i e l d . The r e s u l t a n t mustard-

brown powders were r e c r y s t a l l i s e d from dichloromethane (35 ml.) 

to y i e l d Pt(DPAA) 2. 

1H. N.M.R. (CDC1 3) p.p.m. 7.0(20 broad 1.8(6). 

19 5 + 
Mass spectrum: The parent ion [ Pt(DPAA) 2] was observed 

at m/e 613. Fragmentation occurred through path B (Section 

4.3) . 



106 

4.2.7 Reaction of Pd(PhCN) 2Cl 2 with [CgH^N(Li)C(CgHj.) - N-

Q u a n t i t i e s used Pd(PhCN)Cl 2 (0.9575g.; 2.5mmol), 

DPBAH (1.36g.; 5mmol), d i e t h y l ether (80 ml.). 

The procedure used was as described previo u s l y 

(Section 4.2.1). On warming to room temperature the s o l u t i o n 

became orange i n colour, and blood red a f t e r 8 h r s . The 

sol v e n t was removed by a vigorous stream of nitrogen to y i e l d 

a red-orange s o l i d . A f t e r e x t r a c t i o n with dichloromethane 

(70 ml.) and f i l t e r i n g the s o l u t i o n , cooling to -16° produced 

red m i c r o - c r y s t a l s of Pd 2(DPBA) 4 which were separated and 

washed with hexane (20 ml.). The process was repeated a f t e r 

evaporation of approximately one-third of the solvent under 

reduced pressure, to y i e l d f u r t h e r product. Further r e c r y s t -

a l l i s a t i o n s from both dichloromethane and chloroform y i e l d e d 

the same red product. I t was noted that over long periods 

(weeks) i n both c h l o r i n a t e d s o l v e n t s and hydrocarbons decom­

p o s i t i o n of the product occurred and metal was one of the 

decomposition products. Toluene was a l s o found u s e f u l for 

the e x t r a c t i o n and r e c r y s t a l l i s a t i o n s tages, the l i m i t i n g f a c t o r 

being the s o l u b i l i t y i n toluene which was l e s s than i n d i c h l o r o ­

methane . 

1H N.M.R. (CDC1 3) p.p.m. 6.8 (very broad). 

Mass spectrum: The parent ion [ l 0 6 P d 2 ( D P B A ) 4 ] + was observed 

at m/e 1292. Fragmentation occurred by pathways A and B, 

(Section 4.3). 
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4.2.8 Reaction of Pd(PhCN) 2Cl 2 with [p-FC gH 4N(Li)C-
Tc 6H 5)NC gH 4F-p] 

Q u a n t i t i e s used: Pd(PhCN) 2Cl 2 (0.9575g.; 2.5mmol), 

DPFPBAH (o.54g.; 5mmol), d i e t h y l ether (80 ml.). 

The procedure used was i d e n t i c a l to tha t described 

i n S e c t i o n 4.2.7, the f i n a l product, red Pd 2(DPFPBA) 4 being 

r e c r y s t a l l i s e d from dichloromethane (40 ml.). 

1H N.M.R. (CDC1 3): p.p.m. 67.0, 6.6, 6.4 (26) very broad. 

1 9H N.M.R. (CDC1 3) p.p.m. -120.1 s i n g l e t (CFC1 3 r e f . ) . 

Mass spectrum: the parent ion [ 1 0 6Pd 1(DPFPBA) 4 ] + was observed 

at m/e 1440. Fragmentation occurred through pathway A, 

(Section 4.3). 

4.2.9 Reaction of Pd(PhCN) 2Cl 2 with [CH3N (Li)CH&CH3] 

Q u a n t i t i e s used: Pd(PhCN) 2Cl 2 (0.9575 g.; 2.5mmol), 

DMBAH (0.74g.; 5mmol), tetrahydrofuran (50 ml.). 

The r e a c t i o n was analogous to that i n Sect i o n 4.2.7, 

except that the f i n a l colour of the r e a c t i o n mixture a f t e r 16 

hours was yellow. The yellow product Pd 2(DMBA) 4 was r e c r y s ­

t a l l i s e d from dichloromethane (35ml.). 

Mass spectrum: the parent ion [^°^Pd1(DMBA) 4 ] + was observed 

at m/e 800. Fragmentation occurred through both pathways A 

and B (Section 4.3). 



4.2.10 Reaction of Pd(PhCN) 2Cl 2 with [p-Pr xC gH 4N ( L i ) C-
(C 6H 5)NC 6H 4Pr 1-p"] 

Q u a n t i t i e s used: P d ( P h C N ) 2 C l 2 (0.9575g; 2.5mmol), 

DPIPBAH (1.78g.; 5mmol). 

The r e a c t i o n was c a r r i e d out as i n Section 4.2.7, 

the blood-red product Pd 2(DPIPBA) 4 being r e c r y s t a l l i s e d from 

dichloromethane (150 ml.). 

1H N.M.R. (CDC1 3) , p.p.m. 66.9, 6.0 (52) very broad, 2.1(8) 

very broad, 1.2, 1.1 (24) doublet (very broad). 

Mass spectrum: The parent ion a t m/e 1632 corresponding to 

[^"°^Pd2 (DPIPBA) ̂ ] + was not observed. Fragmentation occurred 

through pathway A (Section 4.3). 

4.2.11 Reaction of Pd(Ph C N ) 2 C l 2 with [pCH^CgH^N(Li)C-
(C 6H 5)NC gH 4CH 3-p] 

Q u a n t i t i e s used: Pd(PhCN) 2Cl 2 (0.9575g.; 2.5mmol), 

DPTBAH (1.5g.; 5mmol), tetrahydrofuran (50 m l . ) . 

The r e a c t i o n c o n d i t i o n s were analogous to those 

given i n S e c t i o n 4.2.8. The red powder produced was slowly 

r e c r y s t a l l i s e d from dichloromethane (20ml.) at -16°C. Blood 

red amorphous c r y s t a l s of Pd 2(DPTBA) 4 r e s u l t e d . 

1H N.M.R. (CDC1 3) p.p.m. 66.9(52) very broad, 2.2(24) very broad. 

Mass spectrum: the parent ion [ 1 0 6 P d 2 ( D P T B A ) 4 ] + was observed 

at m/e 1408. The fragmentation occurred through both path; 

way A and pathway B (Section 4.3). 
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4.2.12 Reaction of anhydrous N i C l 2 (0.3 C 4 H
2 o ° 2 ^ w i t h 

[ C 6 H 5 N ( L i ) C ( C 6 H 5 ) N C 6 H 5 ] ' 

Q u a n t i t i e s used: N i C l 2 (0.7831g; 5 mmol), DPBAH 

(2.72g; 10 mmol) monoglyme (100 ml.). 

The procedure used was i d e n t i c a l to t h a t described 

i n S e c t i o n 4.2.1. On warming to room temperature the s o l u t i o n 

became yellow-green i n colour, then dark green a f t e r 14 hours. 

Evaporation of the monoglyme s o l u t i o n using a nitrogen stream 

y i e l d e d a green powder, which was e x t r a c t e d with toluene 

(140 ml.). The s o l u t i o n was f i l t e r e d and reduced to a green 

s o l i d in vacuo, the residue was n i c k e l c h l o r i d e . The green 

s o l i d , i d e n t i f i e d as crude Ni^DPBA)^, decomposed very r a p i d l y 

when exposed to a i r , and even under vacuo a t room temperature 

s l i g h t decomposition occurred. The product was d i s s o l v e d i n 

tetrahydrofuran and placed on a 20mm.Xl50mm. s i l i c a column 

( K i e s e l g e l 60 Brackmann 2-3), cooled by means of a w a t e r - j a c k e t . 

At the top of the column the s o l v e n t fro n t was green, a t the 

bottom of the column i t became brown. The brown eluent was 

reduced to the s o l i d in vacuo, and r e c r y s t a l l i s e d from d i c h l o r o -

methane (20 ml.) a f t e r f i l t r a t i o n . The brown s o l i d produced 

contained metal and was c l e a r l y a decomposition product. Wash­

ing with hexane (80 ml.) y i e l d e d a small amount of n i c k e l 

c h l o r i d e . 

59 + 

Mass spectrum: the parent ion [ Ni 2(DPBA) 4] was observed 

at m/e 1198. Fu r t h e r fragmentation followed paths A and B 

(Sec t i o n 4.3 ) . 
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4.2.13 Reaction of anhydrous N i C l 2 (0.3 C 4
H

1 0
0

2 ) with 
[p.PC6H4N(Li)C(CgH5)NCgH4F-p) ~ 

Q u a n t i t i e s used: NiCl 2(1.178g; 7.5 mmol), DPFBAH 

(4.62g; 15mmol), monoglyme (150 ml.). 

The procedure used was i d e n t i c a l to t h a t described 

i n S e c t i o n 4.2.12. The s o l u t i o n was green-brown i n colour 

a f t e r 48 hours. The s o l u t i o n was reduced i n volume using a 

vigorous flow of nitrogen to produce a green-brown s o l i d . The 

l a s t t r a c e s of s o l v e n t were removed under reduced p r e s s u r e . 

The s o l i d was e x t r a c t e d with toluene (120 ml.), the s o l u t i o n 

f i l t e r e d and reduced i n volume in vacuo. Green Ni 2(DPFPBA) 4 

was i s o l a t e d as a powder which was r e c r y s t a l l i s e d from t e t r a -

hydrofuran (80 m l . ) . Yellow n i c k e l c h l o r i d e was present i n 

the f i l t r a t i o n r e s i d u e . 

" S i N.M.R. (CD 2C1 2) ppm.: 66.91, 6.59, 6.23, (52), 3.76 (16) 

[THF s o l v a t e ] , 2.8 (16) [THF s o l v a t e ] . 

1 9 F N.M.R.(CD2C12) p.p.m.-119.8 (CFC1 3 r e f . ) . 

Mass spectrum: the parent ion was not observed, the highest 
59 + 

ion observed at m/e 1039, corresponding to [ NI 2(DPFPBA) 3] . 

Fragmentation only occurred via pathway A (Section 4.3 ) . 

4.2.1.4 Reaction of anhydrous N i C l 2 (0.3 C 4 H 1 Q 0 2 ) [p-Pr 1*!-
L i C ( C g H 5 ) N C 6 H 4 P r 1 - p ] . 

Q u a n t i t i e s used: N i C l 2 (1.5662g; lOmmol), DPIPBAH 

(7.12g; 20 mmol), monoglyme (100 m l . ) . 

The procedure used was i d e n t i c a l to t h a t described 

i n S e c t i o n 4.2.12. The dark green s o l u t i o n was reduced by a 
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vigorous nitrogen stream to form a green s o l i d , the f i n a l t r a c e s 

of s o l v e n t being removed in vacuo. The green s o l i d was ex­

t r a c t e d with toluene (100 ml.), the s o l u t i o n f i l t e r e d and cooled 

to -16°C. for s e v e r a l hours. The green product N i 2 ( D P I P B A ) 4 

was c o l l e c t e d and d r i e d in vacuo. I n the presence of moisture 

a m e t a l l i c grey decomposition product. S i g n i f i c a n t decompos­

i t i o n occurred at -16°C i n the s o l i d s t a t e and under vacuo over 

long periods (d a y s ) . 

Mass spectrum: the parent ion was not observed. The h i g h e s t 
59 

mass observed at m/e 1021 corresponded to [ Ni 2(DPIPBA) 2N C-

PhNCgH 4] +. Fragmentation occurred by both pathway A and 

pathway B (Section 4.3.1). 

4.2.15 Reaction of anhydrous N i C l 2 ( 0 . 3 C 4 H 1 Q 0 2 ) with 
[p-CH 3-C 6H 4N(Li)C(C 6H 5)NC 6H 4CH 3-p] 

Q u a n t i t i e s used: NiCl 2(0.7831g; 5 mmol), DPTBAH 

(3.0g; 10 mmol) monoglyme (150 ml.). 

The procedure used was i d e n t i c a l to t h a t d escribed 

i n S e c t i o n 4.2.12. A f t e r 18 hours the dark green s o l u t i o n was 

reduced using a vigorous nitrogen stream, the l a s t t r a c e s of 

solvent being removed under reduced pressure. The green s o l i d 

was e x t r a c t e d with toluene (150 ml.), the s o l u t i o n f i l t e r e d and 

reduced to y i e l d green Ni 2(DPTBA) 4 in vacuo. Since small 

amounts of n i c k e l c h l o r i d e were c l e a r l y v i s i b l e i n the product, 

a f u r t h e r toluene e x t r a c t i o n and f i l t r a t i o n was c a r r i e d out. 

Even under vacuo the green product decomposed r a p i d l y , grey 

metal p a r t i c l e s and brown powder being formed. An attempt 

was made to p u r i f y the s o l i d by passing a s o l u t i o n of the green 
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s o l i d down an alumina column (Beckmann grade 1) 20mm X 200mm, 

and e l u t i n g with dichloromethane. Green and brown bands were 

developed but p a r t i a l decomposition occurred w h i l s t the so l v e n t 

was removed under vacuo. 

Mass spectrum; the parent ion was not observed. The hig h e s t 
59 + 

mass observed at m/e 1015 corresponded to [ Ni 2(DPTBA) 3] . 

Fragmentation followed both pathway A and pathway B (Section 

4.3. ) . The brown decomposition product showed only t r a c e s 

of ions which were observed f o r the green Ni 2(DPTBA)^ s o l i d . 

4.2.16 Reaction of anhydrous N i C l 2 with [ C g H 5 N ( L i ) C -
(CH 3)NC 6H 5] 

Q u a n t i t i e s used: N i C l 2 (1.5662g; 10 mmol), DPAAH 

(4.2g; 20 mmol), monoglyme (150 ml.). 

The procedure used was i d e n t i c a l to t h a t described 

i n S e c t i o n 4.2.12. A f t e r 18 hours the dark green s o l u t i o n 

was f i l t e r e d and the s o l v e n t removed in vacuo. Yellow n i c k e l 

c h l o r i d e was the main c o n s t i t u e n t of the f i l t r a t i o n r e s idue. 

White and grey s o l i d s were a l s o noted i n the dark green s o l i d 

which was e x t r a c t e d with toluene (150 ml.) y i e l d i n g a dark green 

s o l u t i o n . The s o l u t i o n was f i l t e r e d , concentrated in vacuo. 

and then placed i n the f r e e z e r (-16°C) for 48 hours. Yellow 

n i c k e l c h l o r i d e was again the main c o n s t i t u e n t of the s o l i d 

which separated. A f t e r 48 hours long green needles of N i 2 

(DPAA)^ were observed. The l i q u o r was removed by syringe con­

c e n t r a t e d in vacuo and placed i n the f r e e z e r to y i e l d a second 

crop of c r y s t a l s . The needles decomposed to a grey, green and 

white powder on warming to room temperature. 



Mass spectrum; the parent ion [ Ni-fDPAA)^ was observed 

at m/e 9 54. Fragmentation occurred by pathway A only, 

(Se c t i o n 4.3). 

4.3 Mass Spectra 

Daughter ions observed f o r the bis-amidino complexes 

show two fragmentation pathways. The f i r s t , pathway A, 

inv o l v e s l o s s of amidino l i g a n d ions as a whole and metal 

io n s . The second pathway B i n v o l v e s fragmentation of the 

lig a n d w h i l s t i t i s s t i l l co-ordinated to the metal. Pathway 

A i s described i n Figure 4.1, and the r e l e v a n t data t a b u l a t e d 

i n Tables 4.1 and 4.2. 

Pathway A i s the most favoured fragmentation route (Fig.4.1) 

and many of the t r a n s i t i o n s are supported by metastable peaks. 

The pathway follows two routes, the f i r s t i n v o l v i n g a dimet-

a l l i c s p e c i e s , the second breakdown of the dimer to the monomer 

and f i n a l l y to the li g a n d ion. Only monomer breakdown was 

observed f o r the platinum ( I I ) s p e c i e s . The l i g a n d ion f r a g ­

mentation p a t t e r n was found to be very s i m i l a r to th a t found 

for the uncoordinated l i g a n d . The second pathway B involved 

fragmentation of the li g a n d w h i l s t i t was s t i l l co-ordinated 

to the metal. I t i s a l e s s favoured pathway, and appears to 

be f a i r l y random i n i t s occurrence, hence examples of the ions 

formed are desc r i b e d i n Table 4.3. 
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TABLE 4.1 Mass S p e c t r a l Fragments for Bis-amidino P t ( I I ) 
Complexes 

Scheme A AMIDINO LIGAND (M/e) 

Fragments DPFPBA DPIPBA DMBA DPBA DPTBA DPAA 

Pt(Am)- 809 905 489 737 793 613 

Pt(Am) 502 550 342 466 494 404 

Am 307 355 147 271 299 209 

P/'NCR' 19 8 222 118 180 19 4 118 

PhCN 103 103 103 103 103 

C 6H 4-R — 95 119 77 91 77 

C 6 H 5 77 77 77 77 77 77 

C 6 H 4 76 76 76 76 76 76 

m* 127.7 m* 138.8 
* 
m 50.2 m* 125.8 m* 50.2 

(307-198) (355-222) (118-77) (299-194) (118-77) 
* 
m 60.8 

* 
m 63.8 m* 42.7 

(95-76) (222-119) 

m* 57.5 

(103-77) 
* 
m 39.8 

(355-119) 

(194-91) 
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TABLE 4.3 Mass S p e c t r a l Fragments I n v o l v i n g L i g a n d 
Breakdown W h i l s t S t i l l C o o r d i n a t e d t o the M e t a l 

(a) P t ( D P F P B A ) 2 : m/e 714 c o r r e s p o n d i n g t o [ 1 9 5 P t ( A m ) N 2 C ( P h ) -
r H - F 1 + 

m/e 611 c o r r e s p o n d i n g t o 19 5 + [ Pt(Am)NC 6H 4~F] . 

(b) P t ( D P I P B A ) 2 : m/e 816 c o r r e s p o n d i n g t o 19 5 
[ P t ( A m ) N 2 -

( C g H ^ r 1 ) 2 ] + ; 

m/e 709 c o r r e s p o n d i n g t o 195 
[ Pt(Am)N 2C-

C 6 H 4 P r i ] 

+ _ 

m/e 461 c o r r e s p o n d i n g t o [ 1 9 5 P t N 2 ( C 6 H 4 P r 1 ) 21 + 

(c) Pt(DMBA) 2: m/e 518 c o r r e s p o n d i n g t o 19 5 + [ Pt(DMBA) 2NCH 3J ; 

m/e 503 c o r r e s p o n d i n g t o 1 9 R + [ Pt(DMBA) 2N 2] ; 

m/e 474 c o r r e s p o n d i n g t o 1 9 R + [ 3 P t C C g H 5 C H 3 ] ; 

m/e 382 c o r r e s p o n d i n g t o 19^ + [ 3Pt(DMBA)N 2C) ; 

m/e 313 c o r r e s p o n d i n g t o 19 5 + [ PtNCC gH 5CH 3] . 

(d) P t ( D P B A ) 2 : m/e 660 c o r r e s p o n d i n g t o t l 9 5M(Am)N 2C-

( C 6 H 5 ) 2 ] + _ 

m/e 375 c o r r e s p o n d i n g t o 19 5 + t PtPhNCPh] . 

(6) P t ( D P B A ) 2 : m/e 660 c o r r e s p o n d i n g t o 19 5 
[ Pt(Am)N 2C-

( C 6 H 5 ) 2 ] + 

m/e 389 c o r r e s p o n d i n g t o 195 -i. [ P t N 2 C ( C 6 H 5 ) 2 ] \ 
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TABLE 4.3 ( c o n t d . . . ) 

(g) P t ( D P A A ) 2 : 

(h) P d 2 ( D P B A ) 4 

185. ( f ) P t ( D P T B A ) 2 : M/e 673 c o r r e s p o n d i n g to [ Pt(Am)Nu-

C 6 H 5 C 6 H 4 ] ; 

195 T m/e 403 c o r r e s p o n d i n g to [ Pt'N 2C-
+ C 6 H 5 C 6 H 4 C H 3 J 

m 
195, /e 459 c o r r e s p o n d i n g t o t Pt(DPAA)N 2~ 

CCH 3] ; 

m 
19 5 + 

/e 313 c o r r e s p o n d i n g t o [ JPtNPhCH 3] . 

m/e 688 c o r r e s p o n d i n g t o [ 1 0 6 P d ( A m ) 2 N 2 C ] + 

( i ) P d 2 ( D P F P B A ) 4 

( j ) Pd 2(DMBA) 4: 

no peaks observed. 

m/e 161 c o r r e s p o n d i n g t o [ 1 0 6 P d N 2 C C H 3 ] + , 

(k) P d 2 ( D P I P B A ) 4 : no peaks observed. 

(1) P d 2 ( D P T B A ) 4 

(m) N i 2 ( D P B A ) 4 

no peaks o b s e r v e d . 

m/e 447 c o r r e s p o n d i n g t o 

m/e 433 c o r r e s p o n d i n g t o 

59 + [ Ni(DPBA)N 2CPh] ; 
59 + [ Ni(DPBA)NCPh] . 

(n) N i 2 ( D P F P B A ) 4 : m/e 658 c o r r e s p o n d i n g t o 

C 6 H 5 C 6 H 4 C 6 H 4 - F ] + ; 

m/e 456 c o r r e s p o n d i n g t o 

m/e 918 c o r r e s p o n d i n g t o 

N C 6 H 4 ] + ; 

(o) N i 2 ( D P I P B A ) 4 : 

59 
[ Ni(DPFPBA)N 2C-

[ 5 9 N i ( D P F B A ) N C 6 H 4 ] + , 

59 
[ N i 2 ( D P I P B A ) -

59 m/e 573 c o r r e s p o n d i n g t o [ (DPIPBA)NCNCgH^-

P r V , 

59, (p) N i 2 ( D P T B A ) 4 : m/e 463 c o r r e s p o n d i n g t o [ Ni(DPTBA)N-

C 6 H 4 C H 3 ] '* 

m/e 448 c o r r e s p o n d i n g t o 

C 6 H 4 ] + . 

[ 5 9 N i ( D P T B A ) N -

(q) N i 2 ( D P A A ) 4 : no peaks observed. 
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I n t e r p r e t a t i o n of h i g h mass d a t a was a i d e d by computer 

s i m u l a t i o n s . 

4.4 A n a l y t i c a l R e s u l t s 

The r e s u l t s o b t a i n e d a r e c o n s i s t e n t w i t h t h e f o r m u l ­

a t i o n [M(Am) 2]f (Table 4 . 4 ) . The u n s t a b l e n i c k e l complexes 

were a n a l y s e d as soon as p o s s i b l e a f t e r s y n t h e s i s of pure 

p r o d u c t . N i c k e l m e t a l a n a l y s i s p r o v i d e d o n l y u n r e l i a b l e 

r e s u l t s b e c a u s e t h e samples tended t o decompose i n both 

t h e g e l a t i n and t he g l a s s t u b e s used t o h o l d t h e s a m p l e s . 
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TABLE 4.4 A n a l y t i c a l R e s u l t s 

Compound % Y i e l d 
o 

np. c 
(dec) 

metal 
q. "o 

C 
o. 
"O 

N 
O. 
"o 

H 
% 

iFluorine 
I % 

P t ( D P F P B A ) 2 64. 3 238d 23.77 
(24.1) 

56.64 
(56,38) 

7.27 
(6.92) 

3.97 
(3.21) 

9.21 
(9.39) 

P t ( D P I P B A ) 2 28. 7 122d 20.7 
(21.54) 

62.32 
(66.31) 

6.09 
(6.18) 

5.92 
(5.96) 

Pt (DMBA) 2 

C,H _ CH _ o b 3 
14. 7 116d 30.12 

(33.56) 
52.22 
(51.64) 

9.71 
(9.63) 

5.78 
(5.16) 

P t ( D P B A ) 2 51. 3 177d 24.54 
(26.45) 

61.81 
(61.88) 

7.41 
(7.59) 

4.54 
(4.07) 

P t ( D P T B A ) 2 38. 3 171d 23.33 
(24.59) 

63.74 
(63.57) 

6.95 
(7.06) 

5.83 
(4.79) 

Pt(DPAA) 
( C H 2 C 1 2 ) 

22. 8 136d 29.4 
(27.94) 

50.48 
(49.88) 

8.03 
(8.02) 

(4.02) 
(4.01) 

P d 2 ( D P B A ) 4 64. 2 133d 16.79 
(16.4) 

71.31 
(70.34) 

8.34 
(8.63) 

3.88 
(4.62) 

P d 2 D P F P B A ) 4 78. 9 246 14.70 
(14.76) 

65.93 
(63.32) 

7.85 
(7.77) 

4.32 
(3.61) 

11.52 
(10.54) 

Pd 2(DMBA) 4 23 177d 23.17 
(26.56) 

54.91 
(53.17) 

13.59 
(13.98) 

5.86 
(5.49) 

P d 2 ( D P I P B A ) 4 80. 4 118d 12.78 
(13.02) 

75.18 
(73.51) 

6.56 
(6.86) 

6.98 
(6.61) 

i 
i 

P d 2 ( D P T B A ) 4 

1 

89. 3 12 2d 15.39 
(15.10) 

69.17 
(71.57) 

7.54 
(7.94) 

6.12 
(5.39) 

! 

N i 2 ( D P B A ) 4 78. 9 134d - 75.50 
(75.92) 

8.52 
(9.32) 

5.16 
(4.99) 

N i 2 ( D P F P B A ) 4 

4 T . H . F. ! 
1 

62 . 3 138d -
68.88 
(67.61) 

6.72 
(6.85) 

3.84 
(5.14) 

8.91 
(9.1) 

N i 2 ( D P I P B A ) 4 [ 89 . 1 70d 
-

78.82 
(78.07) 

7.42 
(7.78) 

8.05 
(7.02) 

N i 2 ( D P T B A ) 4 

i 
- - 77.44 

(76.76 
7.97 
(8.52) 

6.47 
(5.78) 

N i 2 ( D P A A ) 4 — 140d 
-

74.98 
(70.50) 

11.48 
(11.74) 

5.77 
(5.45) i 

Found (calculated) 



121 

^ 

^- fe-< QQ op i—= <t 
Q Q nnno 
3L 2L Q_ Si Si 2L 

M In 

CV4 o 
, - 0 

0] 41}D V 

1 

"TO 

OJ 

E 
O J 



122 

4.5 T h e r m o g r a v i m e t r i c A n a l y s i s 

The p l a t i n u m complexes were a n a l y s e d under n i t r o g e n 

o v e r t h e t e m p e r a t u r e range 0-1000°C. The t r a c e s a r e shown 

i n F i g u r e 4.2. The thermograms a l l show i l l d e f i n e d t r a n ­

s i t i o n s , many of wh i c h c o u l d not be a s s i g n e d t o c h a r a c t e r -

i s a b l e d e c o m p o s i t i o n s t e p s ( T a b l e 4 . 5 ) . 

The f i n a l r e s i d u e s were i n agreement w i t h t h o s e e x p e c t e d 

f o r t h e t h e o r e t i c a l p l a t i n u m c o n t e n t s of t h e complexes. 

The r e s i d u e s were a n a l y s e d by atomic a b s o r p t i o n s p e c t r o p h o t o ­

metry, w h i c h showed t h e y were p l a t i n u m m e t a l . The s o l v a t e d 

complexes show l o s s of s o l v e n t , but the t r a n s i t i o n s a r e i l l 

d e f i n e d and o n l y approximate t o the v a l u e s e x p e c t e d : 

P t ( D M B A ) 2 C 6 H 5 C H 3 t h e o r e t i c a l % w e i g h t l o s s f o r l o s s of 

C 6 H 5 C H 3 = 15.8%, found a.a. 12%; P t ( D P A A ) C H 2 C l 2 t h e o r e t i c a l % 

w e i g h t l o s s f o r l o s s o f C H 2 C 1 2 = 12%, found = 11%. 

The p e n u l t i m a t e t r a n s i t i o n may, i n a l l c a s e s , e x c e p t 

P t ( D P A A ) 2 , be a t t r i b u t e d t o t h e p r e s e n c e of a PtN-(R) s p e c i e s , 

e.g. P t ( D P F P B A ) 2 , % w e i g h t l o s s found 66 ( t h e o r e t i c a l 6 2 . 4 ) ; 

(R) = NC gH 4-F; P t ( D P I P B A ) 2 , 6 4 ( 6 3 . 2 ) ; Pt(DMBA) 2, 6 2 ( 6 1 . 4 ) ; 

P t ( D P B A ) 2 , 6 3 ( 6 1 . 9 ) ; P t ( D P T B A ) 2 , 6 1 ( 6 2 . 2 ) . 

I n t h e c a s e of P t ( D P A A ) 2 , the % w e i g h t l o s s o f 43% may 

be a t t r i b u t e d t o t h e l o s s of C H 2 C 1 2 and (DPAA) l e a v i n g a 

r e s i d u e o | Pt(DPAA), (Found 5 7 % ( 5 8 % ) ) . 
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TABLE 4.5 T h e r m o g r a v i m e t r i c A n a l y s i s T r a n s i t i o n s and 
T e m p e r a t u r e s 

Complex % wt. l o s s T e mperature range 
of transition,°C 

P t ( D F P B A ) 2 0 - 1 0 0 - 158 

0 - 6 4 158 - 476 

0 - 86.5 
( r e s i d u e = 23.5) 

476 - 923 

Pt(DPIPBA) 0 - 4 0 - 181 

0 - 6 4 181 - 420 

0 - 77.6 
( r e s i d u e = 22.4) 

420 - 870 

Pt(DMBA) 2 0 - 5 0 - 9 4 
C.fUCH-6 5 3 0 - 1 2 94 - 170 

0 - 6 2 170 - 371 

0 - 7 2 
( r e s i d u e - 28) 

371 - 954 

P t ( D P B A ) 2 0 - 1.5 0 - 120 

0 - 6 120 - 226 

0 - 6 3 226 - 391 

0 - 77.9 
( r e s i d u e - 22.1) 

391 - 876 

P t ( D P T B A ) 2 0 - 2 0 - 9 4 

0 - 6 1 94 - 448 

0 - 73.5 
( r e s i d u e = 26.5) 

448 - 931 

P t ( D P A A ) 2 0 - 1 1 0 - 193 

C H 2 C 1 2 0 - 1 8 193 - 270 

0 - 4 3 270 - 611 

0 - 6 9 611 - 899 
( r e s i d u e = 31.0) 
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4.6 I n f r a - r e d A b s o r p t i o n ( T a b l e 4.6) 

S i g n i f i c a n t changes occur' i n the R"NC(R)NHR" s p e c t r u m 

i n t h e range 1650-1200 cm ^ when complexes a r e formed, and 

t h e s e may be r a t i o n a l i s e d i n terms o f t he v i b r a t i o n s de-
2 

s c r i b e d i n P r e v o r s e k . 

The bands i n t h e aa. 1640 - 1600 cm r e g i o n were 

a s s i g n e d t o v (NCN) v i b r a t i o n s and d e s i g n a t e d amidine I . 3 asym ^ 
The s t r o n g bands aa. 1615-1588cm ^ r e g i o n were a s s i g n e d t o 

v (C=N) and a g a i n d e s i g n a t e d a m i d i n e - I i n the p a r e n t 3. syin 
a m i d i n e s . On c o m p l e x a t i o n t h e v (NCN) bands were con-

^ asym 
s i d e r a b l y r e d u c e d i n i n t e n s i t y , and i n many c a s e s were no 

l o n g e r d e t e c t a b l e . The v (C=N) band i n t e n s i t y was 3 asym J 

a f f e c t e d t o a s l i g h t d e g r e e . 

A number o f bands i n the r e g i o n aa. 1390-1520 cm ^ a r e 

c o n s i d e r a b l y r e d u c e d i n i n t e n s i t y and th e y may be t e n t a t i v e l y 
2 

a s s i g n e d t o t h e Amidine I I v i b r a t i o n , d e s c r i b e d by P r e v o r s e k 
as c o n s i s t i n g o f a c o m p l i c a t e d m i x t u r e of „ and 6N-H 

C=N 
v i b r a t i o n . 

The Amidine-III band aa. 1240-1400 cm 1 i s a l s o c o n s i d e r a b l y 

a f f e c t e d by c o o r d i n a t i o n , e i t h e r b e i n g c o n s i d e r a b l y s h i f t e d 

or r e d u c e d i n i n t e n s i t y . The v i b r a t i o n i s d e s c r i b e d as a 

c o m p l i c a t e d m i x t u r e of v(C=N), 6(NH) and v(RCH-C) v i b r a t i o n s . 

The c o m p l i c a t e d n a t u r e o f amide (3) and t h i o a m i d e (4) 

s p e c t r a where many a b s o r p t i o n baixdg c a n n o t be a d e q u a t e l y 

d e s c r i b e d by t h e d i s p l a c e m e n t of two atoms o n l y have been 

d e s c r i b e d by t h e momenclature a m i d e - I , t h i o a m i d e - I etc. 

both i n o r g a n i c and c o - o r d i n a t i o n c h e m i s t r y . I t app e a r s 
2 t h a t t h e use of a m i d i n e - I , - I I , etc b a s e d on P r e v o r s e k 1 s 
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work may be u s e f u l i n a s i m i l a r manner. The e v i d e n c e f o r 

c o o r d i n a t i o n i s o b v i o u s from t h e i . r . d a t a d e s c r i b e d ; 

however t h e a c t u a l mode of c o - o r d i n a t i o n i s more d i f f i c u l t 

t o d e t e r m i n e . T h e r e i s a l o w e r i n g of t h e v (NCN) f r e -
sym 

quency, and/or i t s i n t e n s i t y i n the complexes i n a s i m i l a r 

manner t o t h a t found i n benzamidino-rhenium complexes 

w h i c h a r e known t o c o n t a i n c h e l a t e b i d e n t a t e l i g a n d s . Mono-

d e n t a t e p a l l a d i u m formamidine complexes , a l s o e x h i b i t 
s i m i l a r v (NCN) a b s o r o t i o n s , b ut l a c k t h e s t r o n g bands oa. asym ^ 
1590 cm 1 o b s e r v e d f o r the complexes p r e p a r e d i n t h i s s t u d y . 

Thus t h e i . r . e v i d e n c e i n d i c a t e s a b i d e n t a t e mode of bonding, 

w h i c h may be e i t h e r c h e l a t i n g o r b r i d g i n g i n n a t u r e ; however, 

th e d a t a i s not t o t a l l y c o n c l u s i v e . S i m i l a r problems w i t h 

bonding mode a s s i g n m e n t s o r t h e b a s i s of i . r . measurements 
1 

have been found f o r t h e r e l a t e d 1,3 d i a r y l t r i a z e n i d o l i g a n d s 
The v (NCN) v i b r a t i o n a p p e a r s a t a s l i g h t l y h i g h e r asym c c J 

f r e q u e n c y i n t h e p l a t i n u m t h a n t h e p a l l a d i u m complexes, t h e 

e x c e p t i o n b e i n g PMDMBA^ and Pd2(DMBA)^ whic h have analogous 

s p e c t r a . 

The N-H v i b r a t i o n s of t h e p a r e n t a m i d i n e s a r e as ex­

p e c t e d a b s e n t i n t h e s p e c t r a of t h e complexes. 

The M-N v i b r a t i o n s , b e c a u s e of t h e i r weak i n t e n s i t i e s , 

a r e v e r y d i f f i c u l t t o a s s i g n ; h o w e v e r i n a M-N a-bonded s y s t e m , 

as h e r e , t h e v i b r a t i o n s would be e x p e c t e d t o appear between 

300 and 200 cm ^ A prime c a n d i d a t e f o r t h i s i s a v e r y weak 

band a t c a . 2 70 cm ^ whic h a p p e a r s i n a number o f the com­

p l e x e s s t u d i e d . 
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TABLE 4.6 A Comparison of t h e i . r . A b s o r p t i o n s i n t h e 
Region 1700-1200 cm~l of t h e Bis -amidino complexes 
and t h e i r p a r e n t a m i d i n e s ( n u j o l / h e x a c h l o r o -
b u t a d i e n e m u l l s ) . 

Amidine 
u s e d 

P a r e n t 
Amidine 

Metal Amidine 
u s e d 

P a r e n t 
Amidine P t Pd ! Ni 

Amidine 
u s e d 

f r e q u e n c y cm 

DPAAH 1624 v . s . 1625 m. 

1580 v . s . 1590 v . s . 1590 s. 

1525 v . s . 1530 v . s . 

1485 m. 1480 m. 1480 v . s . 

1440 m. 1420 m. 1410 ' s . 

1370 m. 1330 v.w. 1330 w. 

1240 m.sh. 1260 w. 1250 w. 

1220 m. 

1218 s . 1210 w. 1210 w. s h . 

DMBAH 1651 v . s . 

1635 m.sh. 1615 v . s . 1615 v . s . 

1560 m.sh. 1560 m.br. 

1500 s . 1500 w. 

1490 m. 

1450 m. 1440 w. 1470 m. 

1385 m. 

1370 s . 1370 w. 

1300 m. 1260 w. 1260 m. 

1200 v.w. 1200 v.w. 

DPBAH 1630 s . h . 

1621 s . 16 21 w. 1603 m. 1621 m. 

1589 v . s . 1589 s . 1590 s . 

1575 s . 1580 m. 1570 s . 1575 m. 



TABLE 4.6 (Contd....) 

Amidine P a r e n t Metal 
used Amidine P t I Pd 1 Ni 

f r e q u e n c y cm -1 

DPBAH 1530 v . s . 1530 s . 1530 v. s . 

1490 s . s h . 1490 m. 1490 V. s . 

1470 s . 1470 m. 1470 m. 

1440 s . 1440 m. 1420 s . b r . 1440 s. 

1330 s . 1330 m. 1300 w. 1330 m. 

1240 w. 1275 w. 

1270 w. 

1260 w. 

1220 s . 1220 m. 1210 m. 1220 m. 

DPTBAH 1620 v . s . 1620 w. 1620 s . 

1590 v . s . 1590 m. 1590 s . 1590 v. s . 

1585 v . s . 1570 s. 1578 s . 

1520 v . s . 1520 v. s . 

1500 v . s . 1500 v . s . 1500 v . s . 1500 V. s . 

1450 m. 1450 w. 1430 s. 

1400 m. 1400 w. 1400 v.w. 1400 m. 

1330 v . s . 1330 w. 1330 m. 

1300 m.sh. 1290 w. 

1260 w. 1260 w. 1260 w. 

1220 v . s . 1220 m. 1215 m. 1220 s . 

DPFPBAH 1624 s . 

1615 s . 

1620 m. 

1600 v . s . 1600 m. 1595 s . 

1590 v . s . 1580 m.br. 1580 rn. •> 

1571 w. 1560 v. w. 

1530 v . s . 1530 V. w. 1530 v. s. 
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TABLE 4.6 ( c o n t d . . . . ) 

Amidine 
use d 

P a r e n t 
Amidine 

inn t a x Amidine 
use d 

P a r e n t 
Amidine P t Pd 1 Ni 

Amidine 
use d 

P a r e n t 
Amidine 

f r e q u e n c y cm -1 

DPFPBAH 1495 v . s . 1500 v . s . 
! 

1490 s . 1495 v . s . 

1470 m. sh • 

1440 m. 1430 w. 1430 m. 

1400 m. 1400 s . 

1340 m. 1310 w. 1340 m. 

1290 w. 1290 w. 

1270 w. 1260 m. 

1230 v . s . 1225 s . 1230 v . s . 

1204 v . s . 1204 v . s . 1200 m. 1205 v.w. 

DPIPBAH 1620 s . 1600 m.sh • 1620 m. 

1592 v . s . 1592 s . 1590 m. 1590 m. 

1580 s . 1570 s . 1570 m. 1578 m. 

1532 v . s . 

1515 s . 1515 v . s . 1500 s . 1500 s . 

1460 m. 1460 m. 1460 s . 

1418 s . 1420 m. 1420 w. 1430 m. 

1380 m. 1380 v. w. 1380 v.w. 

1340 s . 1340 w. 1335 v.w. 1380 w. 

1320 v. w. 

1300 w. 13Q0 v. w. 1302 v.w. 1300 w. 

1278 w. 1280 v.w. 1289 v.w. 1290 v.w. 

1260 w. 1260 w. 

1230 m. 1220 v. w. 1215 w. 1218 m. 

Key: s = s t r o n g , m = medium, w = weak, v = v e r y , sh = s h o u l d e r . 
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TABLE 4.7 P o s s i b l e M-N v i b r a t i o n s f o r M n(Am) 
(n = 1 o r 2) Complexes 

Complex -1 
v cm 

Pt(DMBA) 2 270 

P t ( D P I P B A ) 2 268 

P t ( D P F P B A ) 2 270 

Pd^DPBA) 4 260 

P d 2 ( D P F P B A ) 4 262 

P d 2 (DPTBA) 4 255 

N i 2 ( D P I P B A ) 4 280 

N i 2 ( D P B A ) 4 270 

The n i c k e l complexes show the p r e s e n c e of d e c o m p o s i t i o n 

p r o d u c t s i n t h e i r s p e c t r a b e c a u s e of t h e i r s e n s i t i v i t y t o 

t h e r m a l and a e r i a l o x i d a t i o n . The N-H r e g i o n of the s p e c t ­

rum i n d i c a t e s f r e e o r p o s s i b l y monodentate a m i d i n e s p r e s e n t , 

as does t h e 1700-1200 cm" 1 r e g i o n ( T a b l e 4 . 6 ) . Many of t h e 

complexes showed a brown c o l o u r a t i o n i n t h e i r o r i g i n a l l y 

g r e e n m u l l s a f t e r a few m i n u t e s . 

4.7 M o l e c u l a r Weights 

These were d e t e r m i n e d i n benzene by c r y o s c o p y ; however 

s m a l l sample s i z e b e c a u s e of s o l u b i l i t y makes the r e s u l t s 

s u b j e c t t o h i g h e r r o r s ; b e c a u se s m a l l d i f f e r e n c e s i n temper­

a t u r e c o r r e s p o n d t o l a r g e d i f f e r e n c e s i n m o l e c u l a r w e i g h t s . 

N e v e r t h e l e s s , adequate r e s u l t s were o b t a i n e d t o i n d i c a t e 

t h e degree o f a s s o c i a t i o n of complexes i n s o l u t i o n . 
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(a) Pt(DPFPBA) M 667 

r e q u i r e s M 809 

(b) [ Pd(DPFPBA) 2] M 730 

n = 1 r e q u i r e s M = 720 

n = 2 r e q u i r e s M = 1440. 

4.8 N.M.R. Data 

13 

The C n.m.r. d a t a f o r t h e complexes i s c o n t a i n e d i n 

T a b l e 4.8; t h e n o t a t i o n u s e d i s d e s c r i b e d i n F i g u r e 4.3. 

B e f o r e d i s c u s s i n g t h e d a t a a number of p o i n t s s h o u l d be noted. 

A l l t h e complexes showed some d e c o m p o s i t i o n s . The p l a t i n u m . . 

complexes s u f f e r e d from s m a l l sample s i z e and s o l u b i l i t y 

problems w h i c h may a c c o u n t f o r t h e l a c k of C - l (NCN) peaks 

i n t h e spe c t r u m . 

S i g n a l s f o r t he ca r b o n atoms of s u b s t i t u e n t groups 

f o r t h e p l a t i n u m compounds r e l a t e c l o s e l y t o t h o s e o f t h e 

p a l l a d i u m and n i c k e l compounds w i t h t h e same l i g a n d , f o r 

whi c h C - l peaks a r e found. The N i 2 ( D P F P B A ) 4 d a t a s h o u l d be 

c o n s i d e r e d w i t h c a u t i o n s i n c e i t was a p p a r e n t both o p t i c a l l y 

and s p e c t r a l l y t h a t c o n s i d e r a b l e d e c o m p o s i t i o n s had o c c u r r e d . 

I n t h e N i 2 ( D P B A ) 4 case s l i g h t decomposition was noted a l s o d u r i n g 

s p e c t r u m a c q u i s i t i o n . 

The C - l (NCN) s i g n a l s found f o r both t h e n i c k e l and 

p a l l a d i u m complexes o c c u r oa. 175 p.p.m., a v a l u e s i m i l a r 

t o t h a t found by K i l n e r ^ f o r c h e l a t e Re complexes (aa. 167 

p.p.m.), w h i c h have a NCN d e l o c a l i s e d s y stem. The C - l v a l u e s 

were a l l around 22 p.p.m. d o w n f i e l d of t h o s e f o r t he p a r e n t 
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a m i d i n e s ( C h a p t e r T h r e e ) . The o n l y p l a t i n u m C - l v a l u e 

o b s e r v e d , f o r Pt(DMBA) 2 (167 p.p.m.) i s a l s o i n d i c a t i v e of 

an NCN d e l o c a l i s e d s y s t e m . 

Comparing t h e a r o m a t i c r i n g carbon s i g n a l s w i t h t h o s e 

of t h e f r e e l i g a n d s t h e changes a r e n e g l i g i b l e i n many c a s e s . 

One e x c e p t i o n of note i s t h e C-7 ortko-carbon of t he N-

s u b s t i t u e n t r i n g s w h i c h a r e moved d o w n f i e l d t o a c o n s i d e r ­

a b l e e x t e n t ( T a b l e 4 . 9 ) . 

TABLE 4.9 Changes i n C-7, C-2 Carbon S i g n a l P o s i t i o n due 
t o C o m p l e x a t i o n o f Amidines 

Complex C-7 A p.p.m. C-2 A p.p.m. 

P t ( D P I P B A ) 2 + 3 - 4 

P d 2 ( D P I P B A ) 4 + 4 - 4 

P t ( D P T B A ) 2 + 3 - 2 

P d 2 ( D P T B A ) 4 + 4 - 2 

P t ( D P B A ) 2 + 4 0 

P d 2 ( D P B A ) 4 + 4 - 3 

N i 2 ( D P B A ) 4 + 2 - 3 

P t ( D P F P B A ) 2 + 4 - 4 

P d 2 ( D P F P B A ) 4 + 4 - 4 

N i 2 ( D P F P B A ) 4 + 5 - 3 

Pt(DMBA) 2 + 8 + 3 

The e f f e c t shows the l o c a l i s a t i o n of e l e c t r o n s i n t h e a r y l 

r i n g s b e c a u s e o f t h e e l e c t r o n w i t h d r a w i n g e f f e c t o f t h e 

m e t a l . The o t h e r s i g n i f i c a n t movement o c c u r s i n t h e C-2 

s i g n a l w h i c h moves u p f i e l d i n a l l c a s e s e x c e p t P t ( D P B A ) 9 , 
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w h i c h remains s i m i l a r , and Pt(DMBA)2 w h i c h moves d o w n f i e l d 

by 3 p.p.m. The d a t a i s c o n s i s t e n t w i t h a h i g h e l e c t r o n 

d e n s i t y on t h e C - l and C-2 c a r b o n s . 

The low t e m p e r a t u r e n.m.r. s p e c t r a of both Pd2(DPFPBA)^ 

( T a b l e 4.10) and P d 2 ( D P T B A ) 4 i n d i c a t e d t h e p r e s e n c e of 

a n o t h e r s p e c i e s , a l b e i t i n s m a l l amount. V a r i a b l e temper-
l q 

a t u r e F n.m.r. s p e c t r a o f P d 2 ( D P F P B A ) 4 ( F i g u r e 4 . 4 ) , shows 

a s i n g l e peak a t 25°C, and t h r e e peaks a t -40°C. X n t h e room 

t e m p e r a t u r e n.m.r. s p e c t r u m of N i 2 ( D P B A ) 4 ( T a b l e 4.11) two 

s p e c i e s were a l s o found t o be p r e s e n t , i n a p p r o x i m a t e l y 

s i m i l a r amounts. These r e s u l t s w i l l be d i s c u s s e d l a t e r . 

4.9 X- r a y S t r u c t u r e Data 

The s t r u c t u r e of one o f t h e complexes Pt{PhNC(Ph)NPh> 2 

has been d e t e r m i n e d by X-ray c r y s t a l l o g r a p h y by Dr. R.O. Gould 

o f E d i n b u r g h U n i v e r s i t y . The c r y s t a l was grown from c h l o r o ­

form o v e r an e i g h t week p e r i o d . 

Data; a = 2 6 . 7 1 4 ( 7 ) , b = 6 . 0 3 1 ( 2 ) , c - 20.586)38 

a = 90° , B = 6 . 0 3 1 ( 2 ) , y = 90° 

C e l l Volume = 2967$ 2 = 4 , F ( 0 0 0 ) = 1456 

C , = 1.651g cm ^ c a l c ^ 
R a d i a t i o n MoK , X = 0.71069$ u = 47.8 c m - 1 [ 5 0 . 1 ] . 

R = 0.022 b a s e d on 1459 independent d a t a . 

C r y s t a l Dimensions 0.6 x 0.3 x 0.2 mm ( n e e d l e s ) . 

Space Group 12/2 a l t . s e t t i n g C 0 / c . 
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TABLE 4.10 The V a r i a b l e T e m p e r a t u r e s N.M.R. Data f o r 
P d 2 ( D P F P B A ) 4 

MONOMER 

CARBON SIGNAL P.P 
DIMER 

.M. 
Temp. 
°C e y e / C3/C31 v s 1 c 7 / c 7

1 e /c 1 

V 8 v s 1 

+40 176.2 131.2 128.4 129.2 130.1 140.7 
< JC-F= 2 ) 

126.0 
( J C - F = 7 ) 

115.1 
(J C. F=22) 

159. 3* 
(J c_ f=242) 

+25 175.8 130.6 128.2 128.9 129.9 140.0 125.6 
( J C - F = 7 ) 

114.9 
<J C_ F=22) 

114.3 
(J C_ F=23) 

158.9 
( J C - F = 2 4 2 ) 

158.2 
(J C_ F=243) 

-80 175.3 130.4 127.6 128.4 129.4 139.6 125.0 
(J C_ F=7) 

114.4 
(J C_ F=22) 

158.0 
(J C_ F=242) 

165.4 130.1 127.7 128.6 129.4 139.7 124.6 113.7 
(J C_ F=22) 

157.5 
(J C_ F=242) 

The C-H and non C-H s i g n a l s were a s s i g n e d u s i n g a DEPT 

exp e r i m e n t and t h e i r c h e m i c a l s h i f t s . V a l u e s i n p.p.m. r e l a t i v e 

t o T.M.S.. The "dimer" s i g n a l s were of lower i n t e n s i t y t h a n 

the "monomer" s i g n a l s . On c o o l i n g t o -80° some d e p o s i t i o n 

was n o t e d . J v a l u e s i n Hz. 

TABLE 4.11 The J C N.M.R. Spectrum of Ni 0(DPBA) 

CARBON SIGNALS 

c 2 / c 2
L C3/C3 1 c / c 1 

^ 6 7 6 
c 7 / c 7

1 
C 8 / C 8 1 Cg/Cg 1 

174.1 

173.1 

132.2 

131.5 -
129.4 

129 . 3 

126.8 145.8 

145.0 

123.1 

123.0 -
122.3 

121. 5 

S o l v e n t C CD, T = 25°C 

- i n d i c a t e s peaks not o b s e r v e d b e c a u s e of s o l v e n t . 
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TABLE 4.12 ' F S i g n a l s of DPFPBAH, P t ( D P F P B A ) 2 and 
Pd (DPFPBA) . t 

L i g a n d Pt(DPFPBA) Pd 2(DPFBA) Temperature °C 

122.3 ppm. 120.5 ppm. 120.1 ppm. 25, 40 

120.5 ppm. 120.1, 121.1, -40 
121.8 ppm. 

( s e e F i g . 4 . 3 ) 

r e f . = C F C 1 3 

The m o l e c u l e has C\ symmetry and s i t s i n t h e u n i t 

c e l l i n su c h a way t h a t t h e p l a t i n u m atoms do not con­

t r i b u t e t o h a l f the d i f f r a c t i o n p a t t e r n . Hence the l i g h t 

atoms a r e much b e t t e r d e f i n e d than i s normal i n a s t r u c t u r e 

c o n t a i n i n g platinUrp., and a l l the hydrogen atoms were 

l o c a t e d and r e f i n e d . The s t r u c t u r e was s o l v e d u s i n g the 

P a t t e r s o n heavy-atom method, and r e f i n e d u s i n g the DIRDIF 

method. A l l t h e non-hydrogen atoms were l o c a t e d i n t h e 

f i r s t map. The hydrogen atoms were found i n t h e d i f f e r e n c e 

map. The bond l e n g t h s , t o r s i o n a n g l e s , and bond a n g l e s 

f o r t h e m o l e c u l e a r e l i s t e d i n T a b l e s 4.13 and 414, and 4.15. 

4.10 The R e a c t i o n of B i s - a m i d i n o Complexes w i t h 
V a r i o u s Reagents 

4.10.1 R e a c t i o n of P t ( D P B A ) 2 w i t h Carbon D i s u l p h i d e 

P t ( D P B A ) 2 (0.0737g.; 0.1 mmol) was d i s s o l v e d 

i n c a r b o n d i s u l p h i d e (5 m i s . ) . A f t e r s t i r r i n g f o r 30 hours 

no c o l o u r change or r e a c t i o n o c c u r r e d . The s o l u t i o n was h e a t e d 

t o r e f l u x f o r f o u r t e e n d a y s ; i n f r a - r e d a n a l y s i s i n d i c a t e d no 

r e a c t i o n had t a k e n p l a c e or adduct f o r m a t i o n . 
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TABLE 4.15 T o r s i o n A n g l e s ( d e g r e e s ) f o r a l l Bonds 

C (2) - P t - N (1) - C (11) 159. 7 (7) 
N (3) - P t - N (1) - c (11) 162. 2 (6) 
N (3) - P t - N (1) - c (2) 2. 5 (3) 
N (1) - P t - C (2) - c (21) -97. 5 (40) 
N (1) - P t - C (2) - N (3) 175. 8 (6) 
N (3) - P t - C (2) - C (21) 86. 7 (40) 
N (1) - P t - N (3) - C (2) - 2 . 4 (3) 
N (1) - P t - N (3) - C (31) -177. 1 (6) 
C (2) - P t - N (3) - C (31) -174. 6 (7) 
P t - N (1) - C ( l l ) - C (12) -42. 1 (8) 
P t - N (1) - C ( l l ) - C (16) 133. 2 (5) 

C (2) - N (1) - C ( l l ) - C (12) 112. 0 (7) 
C (2) - N (1) - C ( l l ) - c (16) -72. 6 (8) 
P t - N (1) - C (2) - c (21) 172. 6 (5) 
P t - N (1) - C (2) - N (3) -3. 5 (5) 

C ( l l ) - N (1) - C (2) - P t -116. 8 (6) 
C ( l l ) - N (1) - C (2) - c (21) 10. 7 (9) 
C ( l l ) - N (1) - C (2) - N (3) -165. 4 (5) 
N (1) - C ( l l ) - C(12) - C (13) 177. 2 (6) 
C(16) - C ( l l ) - C(12) - C (13) 1. 7 (10) 
N (1) - C ( l l ) - C(16) - C (15) -177. 8 (6) 
C(12) - C ( l l ) - C(16) - C (15) -2. 3 (9) 
C ( l l ) - C(12) - C (13) - c (14) 0. 2 (12) 
C(12) - C ( 1 3 ) - C ( 1 4 ) - c (15) -1. 5 (12) 
C(13) - C ( 1 4 ) - C ( 1 5 ) - c (16) 0. 7 (12) 
C(14) - C ( 1 5 ) - C ( 1 6 ) - c ( I D 1. 2 (11) 
P t - C (2) - C (21) - c (22) 162. 8 (37) 
P t - C (2) - C (21) - c (26) -17. 8 (43) 

N (1) - C (2) - C (21) - c (22) 69 . 7 (8) 
N (1) - C (2) - C (21) - c (26) -110. 8 (7) 
N (3) - C (2) - C(21) - c (22) -114. 9 (7) 
N (3) - C (2) - C(21) - c (26) 64. 5 (8) 
P t - C (2) - N (3) - c (31) 175. 2 (7) 

N (1) - C (2) - N (3) - P t 3. 5 (5) 
N (1) - C (2) - N (3) - c (31) 178. 7 (5) 
C ( 2 1 ) - C (2) - N (3) - P t -172. 6 (5) 
C(21) - C (2) - N (3) - c (31) 2. 5 (10) 
C (2) - C(21) - C(22) - c (23) 177. 7 (6) 
C(26) - C(21) - C ( 2 2 ) - c (23) -1. 7 (9) 
C (2) - C ( 2 1 ) - C(26) - c (25) -178. 3 (6) 
C(22) - C ( 2 1 ) - C(26) - c (25) 1. 1 (9) 
C(21) - C ( 2 2 ) - C (23) - c (24) 2. 0 (10) 
C(22) - C ( 2 3 ) - C(24) - c (25) -1. 7 (10) 
C(23) - C ( 2 4 ) - C(25) - c (26) 1. 1 (10) 
C(24) - C(25) - C(26) - c (21) -0. 8 (10) 
P t - N (3) - C(31) - c (32) -152. 1 (5) 
P t - N (3) - C(31) - c (36) 26. 5 (8) 

C (2) - N (3) - C(31) - c (32) 34. 8 (9) 
C (2) - N (3) - C(31) - c (36) -146. 6 (6) 
N (3) - C(31) - C(32) - c (33) 179 . 8 (6) 
C ( 3 6 ) - C(31) - C (32) - c (33) 1. 2 (10) 
N (3) - C ( 3 1 ) - C (36) - c (35) -179 . 5 (6) 
C(32) - C(31) - C ( 3 6 ) - c (35) -0. 8 (10) 
C ( 3 1 ) - C(32) - C ( 3 3 ) - c (34) -0. 6 ( I D 
C (32) - C (33) - C ( 3 4 ) - c (35) -0. 6 (12) 
C(33) - C ( 3 4 ) - C(35) - c (36) 1. 1 ( I D 
C(34) - C(35) - C(36) - c (31) -0. 4 (11) 
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4.10.2 R e a c t i o n o f P t ( D P F P B A ) 2 w i t h T r i p h e n y l phosphine 

P t ( D P F P B A ) 2 ( O . l O l g . ; 0.125 mmol) was d i s s o l v e d 
i n T.H.F. (60 mis.) and e x c e s s t r i p h e n y l p h o s p h i n e (0.131g.; 
5 mmol) added. The m i x t u r e was r e f l u x e d f o r a t o t a l of s i x 
hour s ; i . r . and mass s p e c t r o s c o p y i n d i c a t e d no r e a c t i o n had 
o c c u r r e d . 

4.10.3 R e a c t i o n o f P t ( D P B A ) 2 w i t h P r e s s u r i s e d CO 

-4 

A 10 M t o l u e n e s o l u t i o n of P t ( D P B A ) 2 was 

p l a c e d i n an a u t o c l a v e and p r e s s u r i s e d w i t h CO a t 240 atm. 

b e f o r e h e a t i n g t o 100°C f o r 18 h o u r s . The r e s u l t a n t dark 

brown s o l u t i o n was f i l t e r e d and s u b j e c t e d t o i . r . and g a s -

chromatography-(porapak Q column) mass s p e c t r o s c o p y i n v e s t i g ­

a t i o n s , but d e c o m p o s i t i o n p r o d u c t s o n l y were d e t e c t e d . No 

a m i d i n o - p l a t i n u m c a r b o n y l complex was d e t e c t e d . 

4.10.4 R e a c t i o n of P t ( D P B A ) 2 w i t h S y n t h e s i s Gas 

-4 

A 10 M s o l u t i o n i n t o l u e n e (80 ml.) of P t ( D P B A ) 2 

was r e a c t e d w i t h s y n t h e s i s gas (C0,1:H 2, 2) a t 160 atm. f o r 

26 hours a t 150°C. On c o m p l e t i o n of t h e r e a c t i o n , t h e 

s o l u t i o n was g r e y i n c o l o u r , and b l a c k m e t a l l i c p a r t i c l e s 

were noted. C l e a r l y s u b s t a n t i a l d e c o m p o s i t i o n had o c c u r r e d . 

A n a l y s i s of the s o l u t i o n (g.c./m.s.) i n d i c a t e d a t r a c e of 

compound h a v i n g M + (m/e 1 0 8 ) , which may be PhCH 20H. S m a l l 

q u a n t i t i e s of l i g h t g r e e n s o l i d were s e p a r a t e d by e v a p o r a t i o n 

o f t h e s o l v e n t , b u t c o u l d not be i d e n t i f i e d (weak i o n s were 

noted i n t h e mass s p e c t r u m - m/e 295, 281, 257, 211 and s t r o n g 

i o n s d e t e c t e d a t m/e 167, 148, 119, 105, 77, 69 and 5 5 ) . 
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4.10.5 R e a c t i o n o f P t ( D P T B A ) 2 w i t h e x c e s s Sodium M e t a l 

To Pt(DPTBA) 2 (0.159g.; 0.2 mmol) i n T.H.F. 
(40 ml.) e x c e s s sodium (2.9 2g.; d r i e d and washed w i t h hexane) 
was added. The s o l u t i o n became dark b l a c k i n c o l o u r a f t e r 
f i f t e e n m i n u t e s , but no f u r t h e r c o l o u r changes o c c u r r e d 
o v e r 48 h o u r s . The s o l u t i o n was f i l t e r e d i n t o a s o l u t i o n 
o f PPNC1; (PPNC1 = b i s [ t r i p h e n y l p h o s p h o r a n y l i d e n e ] a m m o n i u m 
c h l o r i d e ) ; t ( C g H 5 ) 3 P 2 ] 2NC1 , (0.114g.; 2.5 mmol i n d i c h l o r o -
methane (20 ml.) /T.H.F. (5 mol.)mix;) t o y i e l d a green-brown 
m i x t u r e . B l a c k m e t a l l i c p a r t i c l e s , p r o b a b l y p l a t i n u m were 
p r e s e n t i n t h e r e s i d u e . The l i q u o r was reduced t o the 
s o l i d in vacuo, and t h e n e x t r a c t e d w i t h t o l u e n e (20 m l . ) . 
A f t e r f i l t r a t i o n , a d d i t i o n o f hexane t o the l i q u o r f a i l e d 
t o p r e c i p i t a t e any p r o d u c t , but removal of the s o l v e n t s in 
vacuo y i e l d e d a d a r k - y e l l o w s o l i d . The s o l i d was r e c r y s t a l l -
i s e d from d i e t h y l e t h e r (50 ml.) t o y i e l d a v e r y s m a l l q u a n t i t y 
of brown p r o d u c t . The i n f r a - r e d s p e c t r u m of the p r o d u c t i n ­
d i c a t e d l i t t l e e x c e p t t h e p r e s e n c e o f amidino l i g a n d . A n a l ­
y s i s by e l e c t r o n - i m p a c t mass s p e c t r o s c o p y was u n s u c c e s s f u l , 
o n l y f r a g m e n t s o f t h e PPN + i o n b e i n g o b s e r v e d . The F.A.B.m/s 
( g l y c e r o l m u l l ) proved more f r u i t f u l , but was dominated by 
t h e PPN + i o n . I o n a t m/e 538 ( b a s e peak) a t t r i b u t a b l e t o 
PPN +, m/e 461 a t t r i b u t a b l e t o [ ( P h ) 3 P ] + , and m/e 185 a t t r i b ­
u t a b l e t o P h 2P, were a l l o f s t r o n g i n t e n s i t y . I t was d i f f i c ­
u l t t o a s s i g n any of t h e o t h e r peaks o b s e r v e d i n the s p e c t r u m 
e x c e p t f o r m/e 195 a t t r i b u t a b l e t o 1 9 5 P t and m/e 207 a t t r i b ­
u t a b l e t o [CH 3C gH 4NCN C g H 4 ] + „ I t was not p o s s i b l e on t h e 
b a s i s o f t h e d a t a t o i d e n t i f y the p r o d u c t . 
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4.10.6 The R e a c t i o n of P t ( D P B A ) 2 w i t h F e ( C 0 ) 5 

An a t t e m p t has been made t o use t h e h i g h e l e c t ­
ron d e n s i t y o f t h e NCN fragment of t he c o - o r d i n a t e d l i g a n d s 
i n t h e b i s - a m i d i n o f o r TT -bonding t o an i r o n c a r b o n y l as 
i n F i g u r e 4.5. 

Ph Ph„ 
I I f e ( C 0 ) 3 
N N ' 

/• \ / ^ 
Ph - C I P t ., C - Ph ( F i g u r e 4.5) 

/ \ -/ 
M N 

I I 
Ph Ph 

A m i x t u r e o f P t ( D P 3 A ) 2 , (0.184g.; 0.25 mmol) and F e ( C 0 ) 5 

(0.09 79g.; 0.06 ml.; 0.5 mmol) i n T.H.F. was i r r a d i a t e d by 

a mercury u l t r a - v i o l e t lamp f o r Ah h o u r s , y i e l d i n g a green 

s o l u t i o n . Chromatography of t he s o l u t i o n ( a l u m i n a , Beckman 

g r a d e l ) y i e l d e d F e ( C O ) ^ and an u n i d e n t i f i e d g r e e n p r o d u c t 

w h i c h was shown not t o c o n t a i n any Fe(Am) or P t - F e l i n k a g e s 

by mass s p e c t r o s c o p y , and t he i n f r a - r e d s p e c t r u m of t he green 

p r o d u c t showed no c a r b o n y l bands. The r e a c t i o n t o produce 

t h e d e s i r e d p r o d u c t d i d not o c c u r i n t h i s c a s e , however, 

t h e r e a r e a l a r g e number of o t h e r c a n d i d a t e s which may t a k e 

advantage of the NCN e l e c t r o n d e n s i t y , e.g. Pd ( c y c l o o c t a d i e n e ) ^ 

or Pd ( P h C N ) ^ ^ , and f u t u r e work may be more s u c c e s s f u l u s i n g 

t h e s e . 

4.10.7 The R e a c t i o n of P t ( D P B A ) 2 w i t h 1-methyl-
i m i d a z o l i n e - 2 - t h i o n e ~~~ ~~ " ~ ~ 

T h i s r e a c t i o n r e s u l t e d i n t h e f o r m a t i o n of a 

p o l y m e r i c f i l m and i t i s d i s c u s s e d f u l l y i n Appendix B. 
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4.11 D i s c u s s i o n 
f 

The n i c k e l group complexes [M(Am 2] n, n=l o r 2 a r e 

formed i n r e a s o n a b l e y i e l d by t he r e a c t i o n of [ M ( P h C N ) 2
C 1 2 ^ 

(M=Pt o r P d ) , o r anhydrous N i C l 2 0.3 C 4 H 1 Q 0 2 w i t h l i t h i o -

a m i d i n e s i n e t h e r s o l u t i o n s . The p l a t i n u m complexes a r e 

monomeric a c c o r d i n g t o mass s p e c t r o s c o p y , ( T a b l e 4.3;, and 

c r y o s c o p y / S e c t i o n 4.7/, y e l l o w s o l i d s , s t a b l e i n a i r f o r 

s h o r t p e r i o d s as s o l i d s , b u t a r e v e r y a i r s e n s i t i v e i n 

s o l u t i o n . They a r e s o l u b l e i n e t h e r s , m o d e r a t e l y s o l u b l e 

i n c h l o r i n a t e d s o l v e n t s , and s l i g h t l y s o l u b l e i n hydro­

c a r b o n s . The p a l l a d i u m complexes a r e b l o o d - r e d i n c o l o u r 

e x c e p t f o r Pd 2(DMBA) 4 w h i c h i s y e l l o w . They h y d r o l y s e i n 

a i r and decompose r a p i d l y i n s o l u t i o n i n t h e p r e s e n c e o f a i r . 

I n c h l o r i n a t e d s o l v e n t s o v e r v e r y l o n g p e r i o d s ( w e e k s ) , under 

n i t r o g e n , d e c o m p o s i t i o n a l s o o c c u r s . The complexes a r e 

s o l u b l e i n e t h e r s and c h l o r i n a t e d s o l v e n t s and m o d e r a t e l y 

s o l u b l e i n h y d r o c a r b o n s . They a r e d i m e r i c a c c o r d i n g t o 

mass s p e c t r o s c o p y ( T a b l e 4.3) i n 

t h e s o l i d s t a t e b u t p r e d o m i n a n t l y monomeric i n s o l u t i o n . 

The n i c k e l complexes a r e dark g r e e n s o l i d s which a r e u n s t a b l e 

both as a s o l i d and i n s o l u t i o n , d e c o m p o s i t i o n o c c u r r i n g 

even under n i t r o g e n a t room t e m p e r a t u r e . They a r e d i m e r i c 

i n t h e s o l i d s t a t e a c c o r d i n g t o mass s p e c t r o s c o p y ( T a b l e 4 . 3 ) , 

and a r e s o l u b l e i n most o r g a n i c s o l v e n t s . D e c o m p o s i t i o n 

o c c u r s o v e r s e v e r a l h o u r s i n c h l o r i n a t e d s o l v e n t s . A ttempts 

t o p u r i f y t h e n i c k e l group complexes by s u b l i m a t i o n in vacuo 

r e s u l t e d i n d e c o m p o s i t i o n . The complexes show a s t a b i l i t y 

t r e n d of Pt>Pd>Ni. A p o s s i b l e e x p l a n a t i o n of t h i s l i e s i n 

the i n c r e a s e d v a l u e of t h e c r y s t a l f i e l d s p l i t t i n g 10 Dq, 
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t h a t accompanies t h e l a r g e r e f f e c t i v e n u c l e a r c h a r g e o f t he 

h e a v i e r atoms o f t h e n i c k e l s y s t e m . Thus w h i l e N i ( I I ) 

complexes may be o c t a h e d r a l , t e t r a h e d r a l o r s q u a r e - p l a n a r , 

t h o s e o f P t ( I I ) and P d ( I I ) a r e a l m o s t e x c l u s i v e l y s q u a r e -

p l a n a r . The s t a b i l i t y o f s q u a r e - p l a n a r complexes r e l a t i v e 

t o t e t r a h e d r a l i s v e r y dependant on t he s t a b i l i s a t i o n e nergy 
Q 

of t h e d sy s t e m . N i ( I I ) r e q u i r e s t h i s s t a b i l i s a t i o n t o 

be enhanced by t h e u s e o f h i g h f i e l d l i g a n d s , e.g. c y a n i d e s , 

whereas P t ( I I ) and P d ( I I ) r e q u i r e no s p e c i a l l i g a n d s t o 

s t a b i l i s e t h i s mode o f geometry. Thus, t h e i n s t a b i l i t y o f 

t h e N i ( I I ) complexes may be due t o the amidino l i g a n d s b e i n g 

o n l y p a r t i a l l y s u c c e s s f u l i n h o l d i n g n i c k e l ( I I ) i n a s q u a r e -

p l a n a r arrangement, attack, above and/or below t h e p l a n e by 

r e a c t a n t s b e i n g a f a c i l e p r o c e s s , w h i c h a i d s d i s p l a c e m e n t of 

amidino groups. 
A s i x t e e n - e l e c t r o n r u l e a p p l i e s i n t h e c a s e o f t h e s e 

g 
complexes b e c a u s e o f t h e s t a b i l i s a t i o n of t h e d s q u a r e - p l a n a r 

c o n f i g u r a t i o n . The i . r . d a t a p r e v i o u s l y mentioned ( S e c t i o n 

4.6) f o r M(Am)2 complexes i s c o n s i s t e n t w i t h e i t h e r a b r i d g i n g 

o r c h e l a t e mode of bonding, a l t h o u g h t h e p o s s i b i l i t y o f mono-

d e n t a t e bonding cannot be e n t i r e l y r u l e d o u t . 

13 

The C n.m.r. d a t a i s c o n s i s t e n t w i t h a b i d e n t a t e c h e l a t e 

mode of bonding i n t h a t t h e C - l NCN s i g n a l ( F i g u r e 4.4) i s 

o b s e r v e d i n t h e m a j o r i t y of c a s e s i n the r e g i o n i n which t h e 
5 

s i g n a l of t h e c h e l a t e groups i n R e ( C O ) 4 Am , c „ a . 175-166 
p.p.m. have p r e v i o u s l y been o b s e r v e d , whereas f o r a d i m e r i c 

9 

b r i d i n g amidine [Ag2(Am) 2] t h e C - l s i g n a l s have been o b s e r v e d 

i n t h e 167-159 p.p.m. r e g i o n . The s u b s t i t u e n t a r y l and 

me t h y l groups a t room t e m p e r a t u r e g i v e r i s e t o o n l y one s i g n a l 
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and hence i n d i c a t e a symmetry about t h e N-C-N s k e l e t a l 

fragment c o n s i s t e n t w i t h a b i d e n t a t e c h e l a t e or b r i d g i n g 
19 

mode of bonding. The F n.m.r. d a t a a t room t e m p e r a t u r e 

i s a l s o c o n s i s t e n t w i t h e i t h e r mode o f bonding, a s i n g l e t 

b e i n g o b s e r v e d . Hence i f we r e g a r d t h e a m i d i n e s as b i ­

d e n t a t e l i g a n d s from t h i s e v i d e n c e they must be a c t i n g on 

4 - e l e c t r o n donors. 

The mass s p e c t r a l d a t a ( S e c t i o n 4 . 3 ) , i n d i c a t e s t h a t 

the p l a t i rxTXjcn. complexes a r e monomeric, and both the 

p a l l a d i u m and n i c k e l complexes d i m e r i c i n t h e s o l i d s t a t e . 

I t i s p o s t u l a t e d t h a t t h e m a j o r i t y of the p a l l a d i u m complexes 

have s i m i l a r s t r u c t u r e s t o t h o s e d e t e r m i n e d f o r t h e r e l a t e d 
g 

1,3 d i a r y l t r i a z e n e complexes i n t he s o l i d , viz. 

whereas t h e p l a t i n u m complexes may be r e g a r d e d as s i m i l a r 

t o P d [ C H 3C 6H 4N-C(CH 3)NC 6H 4CH 3] which has a l s o been c r y s t a l l o -
14 

g r a p h i c a l l y c h a r a c t e r i s e d a s , 

Ph Ph 

N N 
M 

N / Ph N Ph N 
N \ Ph Ph 

/ N N 
M 

N N 

( F i g . 4.6) 

Ph Ph 

C H .CH 3 C H .CH 3 
N N 

CH 

N N 

CH ( F i g . 4.7) 

C J .CH 3 C H .CH 3 
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The n i c k e l complex s t r u c t u r e s w i l l be d i s c u s s e d l a t e r i n 

the s e c t i o n . 

One e x c e p t i o n t o t he above s t a t e m e n t s i s Pt(DMBA) 2 

which y i e l d s a mass s p e c t r u m w i t h a number of peaks a t 

h i g h e r mass th a n t h e p a r e n t . The C-l(NCN) ( T a b l e 4 . 8 ) , 
13 

i n t h e C n.m.r. s p e c t r u m i s a l s o i n t h e r e g i o n which we 

s h a l l l a t e r i n t h e d i s c u s s i o n a s s i g n t o b r i d g i n g groups. 

The i . r . s p e c t r a o f both Pt(DMBA) 2 and Pd 2(DMBA) 4 a r e v e r y 

s i m i l a r , and i t may be t h a t t h e p l a t i n u m complex i s d i m e r i c 

or e x i s t s a s a monomer or d i m e r / o l i g o m e r m i x t u r e . I t i s 

not p o s s i b l e t o d e c i d e e i t h e r way on the b a s i s of the d a t a 

a v a i l a b l e . 

19 

The F n.m.r. of P t ( D P F P B A ) 2 shows no f l u x i o n a l 

b e h a v i o u r w i t h v a r y i n g t e m p e r a t u r e , i n c o n t r a s t t o P d 2 ( D P F B A ) 4 , 

f o r which on c o o l i n g t o -40°C ( F i g . 4 . 4 ) , t h e spectrum changes 

from a s i n g l e t t o t h r e e s i g n a l s . The n.m.r. a t -80°C 

a l s o i n d i c a t e s t h e p r e s e n c e o f more t h a n one s p e c i e s ( T a b l e 

4 . 1 0 ) . T h e r e a r e s e v e r a l p o s s i b l e p r o c e s s e s o c c u r r i n g i n 

s o l u t i o n . The f i r s t i n v o l v e s [monomer] [dimer] ̂ £ [ o l i g o m e r ] 

e q u i l i b r i a . I n f r e e z i n g benzene s o l u t i o n t h e monomeric 

P d ( D P F B A ) 2 ( S e c t i o n 4.7) p r e d o m i n a t e s , and i n t h e s o l i d t h e 

dimer P d 2 ( D P F B A ) ^ i s i n d i c a t e d by mass s p e c t r o s c o p y . I t i s 

p o s s i b l e t h a t a t room t e m p e r a t u r e i n s o l u t i o n t h e monomer p r e ­

dominates and t h a t as t h e s o l u t i o n i s c o o l e d t h e dimer s t a r t s 

t o appear, and p o s s i b l y o l i g o m e r s a l s o ( T a b l e s 4.8 and 4. 1 0 ) . 

I n t e r e s t i n g l y the C-l(NCN) s i g n a l f o r the new d i m e r i c s p e c i e s 

a.a. 166 p.p.m. i s v e r y s i m i l a r t o t h a t of Pt(DMBA) 2 which may 

a l s o be d i m e r i c , and both t h e s e C - l s i g n a l s a r e s i m i l a r t o 
9 

t h o s e found by V r i e z e f o r s i l v e r formamidine d i m e r s . 
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I n t e r e s t i n g l y V r i e z e has found a s i m i l a r e q u i l i b r i a f o r 

a m i d i n e s i n s o l u t i o n c o n c e r n i n g [dimer] [ t e t r a m e r ] e q u i l ­

i b r i a f o r a number of s i l v e r and copper a m i d i n e s . The 

.1 9 
F d a t a ( T a b l e 4.12) i s , however, c o n s i s t e n t w i t h t h i s 

p o s t u l a t e o n l y i f the c o n c e n t r a t i o n s of t h e i n d i v i d u a l s p e c i e s 
9 

a r e a l s o c h a n g i n g w i t h t e m p e r a t u r e , as found by V r i e z e . 

The p o s s i b l e s t r u c t u r e s o f t h e monomer, dimer and o l i g o m e r 

a r e d e s c r i b e d i n F i g u r e 4.8. The N u c l e a r O v e r h a u s e r E f f e c t 
13 

r e q u i r e s t h a t t h e i n t e n s i t i e s of t h e C peaks be t r e a t e d 

w i t h c a u t i o n ; however, i t i s c l e a r t h a t even a t -80°C t h e 

monomer i s s t i l l much more predominant th a n t h e dimer, and 

of c o u r s e any o l i g o m e r s were not s e e n b e c a u s e o f t h e i r s m a l l 

c o n c e n t r a t i o n s . Thus, the d a t a f o r P d 2(DPFPBA)^ i s c o n s i s t ­

e n t w i t h a [monomer] [dimer] [ o l i g o m e r ] e q u i l i b r i a . 

The a n a l o g o u s n i c k e l (1,3 d i p h e n y l t r i a z e n e ) complex shows 

s i m i l a r p r o p e r t i e s b a s e d on m o l e c u l a r w e i g h t m e a s u r e m e n t s . ^ 

T h e r e i s a s i g n i f i c a n t change i n the p o s i t i o n of t h e C-l(NCN) 

s i g n a l from t h e p o s t u l a t e d monomer t o t h e p o s t u l a t e d dimer, 

t h i s may be a t t r i b u t a b l e t o t h e change i n e l e c t r o n i c e n v i r o n ­

ment when t h e monomeric c h e l a t e l i g a n d has i t s s k e l e t a l C, 

NCN c a r b o n moved out of t h e MN^ p l a n e t o form a b r i d g i n g 

d i m e r i c s p e c i e s . 

A second p o s s i b i l i t y i s t h a t of f l u x i o n a l i t y of t h e 

amidino group whi c h has been noted by a number of w o r k e r s 

f o r a m i d i n e s and r e l a t e d s y s t e m s and i s shown i n F i g u r e 4.90 
I n F i g u r e 4 . S t a j b r e a k i n g of a Pd-N bond o c c u r s t o g i v e 

a t r i - c o - o r d i n a t e d s p e c i e s , and F i g u r e 4.9 To a d i - c o - o r d i n a t e 
19 

s p e c i e s . The F s i g n a l s o b s e r v e d do n o t c o r r e s p o n d t o t h o s e 

t h e o r e t i c a l p o s s i b i l i t i e s g i v e n above, and knowing the w e l l 
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F i g u r e 4.8 P o s s i b l e S t r u c t u r e s o f [ P d ( D P F B A ) 2 ] Monomers, 
Dimers and O l i g o m e r s . 
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F i g u r e 4.8 ( c o n t d . ) 
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known preference f o r four-co-ordination i n P d ( I I ) complexes, 

and that s o l v a t i o n e f f e c t s may be discounted s i n c e a l l 

measurements were c a r r i e d out i n an o s t e n s i b l y non-coordin­

a t i n g s o l v e n t . A f l u x i o n a l process seems improbable. The 

n.m.r. and a n c i l l a r y evidence (mass spectroscopy, cryoscopy) 

favour the explanation based on a [monomer] [dimer] e q u i l i ­

b r i a i n the Pd^DPFPBA) 4 case. The n i c k e l case i s more 

d i f f i c u l t to i n t e r p r e t because of the complexes l a b i l e nature. 
13 

The C n.m.r. s p e c t r a (Table 4.8) of Ni 2(DPFPBA) 4 i s s i m i l a r 

to those observed f o r Pd 2(DPFPBA) 4 and Pt(DPFPBA) 2
 a n d i s 

assigned to a monomeric s p e c i e s i n a s i m i l a r manner. 
13 

Ni2(DPBA) 4 i n C^Dg has two s e t s of s i g n a l s i n the C spec­

trum (Table 4.11). The small s h i f t observed between the 

two C - l s i g n a l s , Ap.p.m. = 1, r u l e s out the monomer-dimer 

e q u i l i b r i a which we have described f o r the palladium complexes. 

S o l v a t i o n e f f e c t s may be discounted s i n c e the spectrum was 

run i n an o s t e n s i b l y non-coordinating s o l v e n t . C l e a r l y the 
13 

s l i g h t d i f f e r e n c e s i n the values of the C - l C s i g n a l s 

i n d i c a t e t h a t there are only very s l i g h t d i f f e r e n c e s i n the 

two s k e l e t a l C - l , NCN, carbon environments, and there are 

s e v e r a l p o s s i b l e s t r u c t u r e s which would f i t t h i s c r i t e r i a , 

e.g. Figure 4.10. The monomeric complexes may be v a r i a t i o n s 

on any of the mixtures of bonding modes described . I f 

we consider the s t r u c t u r e s , ( F i g . 4 . l f t ) , I has been noted f o r 
20 

a number of tantalum complexes i n the s o l i d s t a t e , but 
14 

s i n c e the bis(N,N"di-p-tolylacetamidino)palladium, and 

bis(N,N'diphenylbenzamidino)platinum s t r u c t u r e s which have 

been determined by X-ray c r y s t a l l o g r a p h y have two e q u i v a l e n t 

four-membered r i n g s t h i s p o s s i b i l i t y seems u n l i k e l y . 
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S t r u c t u r e s I I and I I I (Fig.4.10) would be unusual i n 

amidine c h e m i s t r y , and a m o n o d e n t a t e / b i d e n t a t e m i x t u r e 

o f l i g a n d s would i n v o l v e t h r e e - c o - o r d i n a t e n i c k e l a g a i n 

an improbable s i t u a t i o n ^ The p o s s i b i l i t y o f 0 - m e t a l l a t i o n 

IV ( F i g . 4.1G>) which has been n o t e d f o r o t h e r m e t a l , i.e. 

rhenium,^ may be r u l e d o u t as t h e r e are no me t a l - c a r b o n 
13 

a r y l C s i g n a l s i n t h e spectrum which would be expected 

f o r an C - m e t a l l a t e d complex. The dimer s t r u c t u r e V 

(Fig.4.1©) has a l l i t s s k e l e t a l C - l , NCN carbons i n t h e same 

p l a n e , and t h e s q u a r e - p l a n a r arrangement around t h e n i c k e l 

a l l o w s o n l y s u b t l e changes i n t h e e l e c t r o n i c environments 

o f t h e C-l carbons, and hence s t r u c t u r e V (Fig.4.10) i s a 

d e f i n i t e p o s s i b i l i t y f o r t h e s t r u c t u r e o f the n i c k e l complex. 

S u r p r i s i n g l y t h e s t r u c t u r e i s n o t analogous t o t h a t o f 
g 

Ni2(PhNNNPh)^ which has been d e t e r m i n e d by X-ray c r y s t a l l o -
g 

graphy, and resembles t h a t o f Pd£(PhNNNPh) 4, F i g u r e 4.6. 
I t i s c l e a r t h a t f u r t h e r work, n.m.r. and s t r u c t u r a l 

i s r e q u i r e d t o f u l l y u n d e r s t a n d t h e s t r u c t u r a l changes, and 

de c o m p o s i t i o n which these complexes undergo i n s o l u t i o n . 

The c r y s t a l s t r u c t u r e o f one o f t h e complexes, 

Pt{PhNC(Ph)NPh}2 has been d e t e r m i n e d u s i n g X-ray c r y s t a l l o ­

graphy by Dr. R.O. Gould, U n i v e r s i t y o f Edinburgh. The 

s t r u c t u r e i s shown i n F i g u r e 4.11 and i s ve r y s i m i l a r t o 
t h a t found f o r b i s ( N , N ' d i ~ p - t o l y l a c e t a m i d i n o ) p a l l a d i u m ( I I ) 

14 

( F i g u r e 4.12), and f o r many aspects o f s t r u c t u r a l s i g n i f i c ­

ance t h e same c o n c l u s i o n s a p p l y t o b o t h complexes. The 

Pt-N d i s t a n c e s i n t h e complex (2.03 and 2.0228) are i n d i c ­

a t i v e o f a-N bonding and compare w e l l w i t h o t h e r M-N d i s t ­

ances i n which no n - i n t e r a c t i o n occurs (Table 4.16). 
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TABLE 4.16 M-N di s t a n c e s f o r a number of o-N bonded complexes 

Complex M-N8 Bonding Mode Reference 

bis(N,N'diphenylbenzamidino) 
platinum 

2 .038 bidentate t h i s work 

b i s (N,N'di-p-tolylacet-
amidino)palladium 

2.038 bidentate 14 

{2,6 bis[(dimethylamino) 
me thy lpheny 1-CN, N "* ] 
(N*N - d i - p - t o l y l -
formamidine-N 1}platinum 

2.132 monodentate 15 

[ ( b i s - a c e t a m i d i n e ) c h l o r i d e 
monohydrate]platin urn 

1.957 s a l t 16 

[ c i s - c h l o r o b i s ( t r i p h e n y l -
phosphine)(1,3-di-p-
t o l y l t r i a z e n i d o ) c h l o r o ­
form] palladium 

2.11 monodentate 17 

[trans-hydrido b i s ( t r i p h e n y l -
phosphine)(1,3-di-p-toly1 
t r i a z e n i d o ) ] p l a t i n u m 

2.09 monodentate 18 

[ d i c h l o r o b i s ( d i - t e r t b u t y l -
c a r bodiimide)]palladium 

2 .06 monodentate 21 

[ b i s ( t r i p h e n y l p h o s p h i n e ) b i s -
( 1 , 3 - d i p h e n y l t r i a z e n i d o ) -
benzene]platinum 

2.089 monodentate 22 

[ ( b i s - t r i p h e n y l p h o s p h i n e ) -
chlo.ro (1, 3-di-p-toly1-
t r i a z e n i d o ) ] p a l l a d i u m 

2 .033 monodentate 23 

The C-N bond lengths (1.33 and 1.34$) are intermediate 

between C-N (1.47$) and C=N (1.278) covalent bond d i s t a n c e s , 2 ^ 

i n d i c a t i n g a degree of d e l o c a l i s a t i o n i n the N-C-N s k e l e t a l 

system. A s i m i l a r value was found for bis-(N,N'di-p-toly1-
o 14 

acetamidino)Pd, (1.332A). The N-C phenyl bond lengths 

(1.3878 and 1.3898) a l so i n d i c a t e a c e r t a i n degree of conjug­

a t i o n between the phenyl r i n g s and the N-C-N system. The 

N 5C-C a r y l bond (1.4978) i n the complex i s intermediate between 

http://chlo.ro
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the values f o r the C-C (1.548) and C=C (1.348) covalent 
24 

d i s t a n c e s , i n d i c a t i n g t h a t d e l o c a l i s a t i o n i s present. 

Thus, the whole benzamidino system may be regarded as de-

l o c a l i s e d . 

The important N-C-N " B i t e " , angle (106.25°) i s of a 

s i m i l a r order to that found for other bidentate amidino 

and r e l a t e d bidentate t r i a s e n i d o complexes (Table 4.17), 

but considerably s m a l l e r than N-C-N for b r i d i n g groups, e.g. 

M02[diphenylbenzamidino]^ N-C-N = 117°. ^ 
TABLE 4.17 N-C-N and N-N-N angles for Related Complexes 

Complex N-X-N1' Reference 

bis(N,N^diphenylbenzamidino)platinum 106.25 t h i s work 

bis(N,N"di-p-tolylacetamidino)palladium 108. 4 14 

7r-cyclopentadienyl d i c a r b o n y l (N,N - d i -

phenylbenzamidino)molybdenum. 108.0 25 

ir-cyclopentadieny 1 d i c a r b o n y l (1, 3bis (3,5-

b i s ( t r i f l u o r o m e t h y l ) p h e n y l ) t r i a z e n i d o ) -

molybdenum 100. 8 26 

t r a n s - b i s ( t r i p h e n y l p h o s p h i n e ) c a r b o n y l -

( 1 , 3 d i - p - t o l y l t r i a z e n i d o ) h y d r i d o -

ruthenium 105.2 27 

X = C f o r amidines, N f o r t r i a z e n e s . 

The c r y s t a l packing i s shown i n Figure 4.13 and shows 

the view along the b a x i s . The molecules are not d i r e c t l y 

stacked on top of each other and hence the s m a l l e s t Pt-Pt 68 

i n d i c a t e s no metal-metal bonding which would be expected to 
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o 29 
be of the order of t h a t found i n the metal 2.7746X. 

The s m a l l e s t i n t r a - m o l e c u l a r d i s t a n c e s f o r the other atoms 

are given i n Table 4.18. 

TABLE 4.18 Sm a l l e s t I n t r a m o l e c u l a r Distances 

I n t e r a c t i o n A ctual Atom Distance 8 

C-C C12 C 3 0 3.370 

C-H C 2 3 H34 2.880 

C-N C36 - N l 3.662 

H-H H16 " H26 2.447 

H-N H16 " N 3 2.881 

N-N N l " N 3 3.449 

The C-C d i s t a n c e s are of the same order as the l a y e r d i s t a n c e s 

i n graphite 3.40A5. 3 0 Hence there appears to be no s i g n i f i c ­

ant i n t r a m o l e c u l a r i n t e r a c t i o n s , and thus the geometry of the 

c r y s t a l i s not s i g n i f i c a n t l y a f f e c t e d by the packing. 

I f we consider the s t r u c t u r e s adapted by r e l a t e d 

platinum and palladium complexes having groups isoelectronic 

with the amidino group, i t i s c l e a r that the bonding modes 

of both the acetamidino and benzamidino groups d i f f e r markedly 

from t h a t of carboxylato-, t r i a z e n i d o - , and a l l y l palladium, 

and platinum complexes. The a c e t a t e group adopts bridging 
31 

p o s i t i o n s i n the polynuclear complexes Pd^(CH 3C00) 6 , 
P d 2 ( n 3 - C 3 H 5 ) (CH 3C00) 2, 3 2 Pd 3(CH 3C00) 3(Me 2CN0) 3, 3 3 and 

[Pt 4(CH 3C00) (NO)22CH3COOH] 34 The t r i a z e n i d o complexes 
22 are e i t h e r monodentate, c i s Pt(C 6H 5N NNCgH,.)(PPh3)2CgHg, 

or bridging Pd2(CgH^NNNCgH^)^. 8 The a l l y l group adopts 
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T, 32 the f T - a l l y l bonding mode i n Pd (n C 3H 5) (CH 3COO) 2 # and a 
3 5 

bridging mode i n [Pt (C 3H 5) C l ] 4 . The amidino complexes 

do have an analogy i n palladium and platinum chemistry 

however, i n the four-membered c h e l a t e r i n g complexes of 
*S*S 36 , ^ > the d i t h i o c a r b o x y l a t e (-C-̂ v ) / and dithiophosphate (-P^ -) 
X S S 

ligands (Table 4.19). The s t r u c t u r e s of a number of 
these have been determined by X-ray c r y s t a l l o g r a p h y , e.g. 

M ( d i e t h y l d i t h i o c a r b a m a t o ) 2 (M=Pd or P t ) , 4 8 ' 4 9 and the 

s t r u c t u r e of b i s ( d i t h i o b e n z o a t o ) p a l l a d i u m ( I I ) , Figure 4.14, 

i s d i r e c t l y analogous to the amidino platinum complex, 

C 6 H 5 

S S 
/ \ / \ 

C Pd C C 6 H 5 (Figure 4.14) 

'skele t a 

The molecule has a s l i g h t l y l a r g e r " b i t e " S-L-S angle 

(112.6°) than the amidino-platinum complex and a s i m i l a r 

^-C phenyl bond d i s t a n c e of 1.478. The dithiophos-
45 46 

phate complexes have been e x t e n s i v e l y s t u d i e d by Stephens6n ' 
who found t h a t [ M ( S 2 P P h 2 ) 2 ] (M=Pd or Pt) when t r e a t e d with a 

t e r t i a r y phosphine underwent the following i n t e r e s t i n g r e -
46 

a c t i o n : 

[ M ( S 2 P P h 2 ) 2 ] + PR 3
 ( M = P d ° r P t ) t > 

+PR. R 0P 3 \ / \ 
PPh 2 

R 3P S ' 

R,P S 3 \ / \ 
M yPPh 0 

/ \ / 1 

|Ph„P-S s ' 
2 I I R 

P h 2 p s 2 
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TABLE 4,19 B i d e n t a t e Sulphur L i g a n d Complexes Analogous 
t o B i s - a m i d i n e Complexes 

Complex 

S S 
/ \ / \ 

C 6 H 5 C
X / d / C 6 H 5 

s s 

R-O-C M C-O-R 

R S S R 
\ / \ / \ / 

N - C M C-N 

R-0 S S 0-R 
\ / \ / \ / 

P M P 
/ \ / \ / \ 

R-0 S S OR 

Et Se Se Et 
/ \ / \ / 

P Pd P 
/ \ / \ / \ 

E t Se Se E t 

Ligan d 

d i t h i o b e n z o a t e 

a l k y l x a n t h a t e s 

d i t h i o c a r b a m a t e s 

d i t h i o p h o s p h a t e 

d i s e l e n o p h o s p h a t e 

Reference 

41 

42-43 

44 

45-46 

47 

Note: M = Pd o r P t . 
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A t t e m p t s t o achieve a s i m i l a r r e a c t i o n w i t h Pt(DPFPBA) 2 

were u n s u c c e s s f u l , as were r e a c t i o n s w i t h CO, CŜ ,- a n <^ 

s y n t h e s i s gas w i t h p l a t i n u m amidino complexes. The r e ­

a c t i o n o f Pt(DPBA) 2 w i t h l - m e t h y l - i m i d a z o l i n e - 2 - t h i o n e 

y i e l d e d an i n t e r e s t i n g polymer p r o d u c t i o n r e a c t i o n which 

i s d i s c u s s e d i n Appendix B. 

A l t h o u g h n o t common, t h e a, a b i d e n t a t e mode o f bon d i n g 

i s known f o r t h e c a r b o x y l a t e - g r o u p i n complexes o f o t h e r 

m e t a l s , and i t i s f r u i t f u l t o compare such d a t a w i t h t h a t 

o f t h e p l a t i n u m and p a l l a d i u m amidino complexes. B i d e n t a t e 
52 

a c e t a t e groups occur i n Zn (C^CCH^) 2 ( H2 ° V a n d a l t ^ o u ^ h 

z i n c ( I I ) i s s l i g h t l y l a r g e r t h a n p a l l a d i u m ( I I ) a number o f 
s t r u c t u r a l parameters are found t o be s i m i l a r , Table 4.20. 
TABLE 4.20 Comparison o f C r y s t a l l o g r a p h i c Data f o r symmetric­

a l l y bound A c e t a t o , P h o s p h i n o d i t h i o a t o and Amidino 
Groups. 

t 
Parameter Zn('0^pH 3) 2(H 20) 2 

PtlPhNC(Ph)-
NPh}^ 

Pdlp-tolylNC-
(CH 3)N-p-tolyl} I j 

Pd(S 2PPh 2) 2-
(PPh3) 

Z-X 1,30, 1.38 1.33, 1.34 1.33 1.99, 8 

CH3-X 1.48 - 1.52 - 8 

M-X 2.18, 2.17 2.038,2.022 2.05 2.35,2.47 8 

X-X 2.21 2.14 2.17 3.14 8 

X-Z-X 111 106.75 108.9 106 ° 

X-M-X 61 63.71 61.5 82 ° 

reference (52) (this work) (14) (51) 

X r e f e r s t o t h e c o o r d i n a t i n g atoms, N i n the amidine case, 

0 i n t h e c a r b o x y l a t e and S i n t h e d i t h i o p h o s p h a t e , X-X 

r e f e r s t o t h e non-bonding d i s t a n c e between c o o r d i n a t i n g 

groups. Z = C o r P. 
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Pd(S 2PPh 2) 2 (PPh-j) i s i n c l u d e d t o ag a i n make t h e p o i n t o f 

t h e s i m i l a r i t y o f these l i g a n d s t o each o t h e r . The " b i t e " 

angles f o r example are s i m i l a r i n a l l cases, as are t h e 

M-L bond l e n g t h s . Of p a r t i c u l a r n ote i s t h e s i m i l a r i t y 

o f t h e s t r u c t u r a l parameters o f t h e p l a t i n u m and p a l l a d i u m 

complexes. Since two d i f f e r e n t amidine groups are used, 

and t h e same bonding mode adopted, a p r o p e r t y o f the m e t a l 

may be the parameter d e t e r m i n i n g f a c t o r . Both P d ( I I ) and 
o 24 

P t ( I I ) have t h e same i o n i c r a d i i (0.5A) and hence " i o n i c 

s i z e " . Thus " i o n i c s i z e " and hence o x i d a t i o n s t a t e because 

o f t h e i r r e l a t i o n may d e t e r m i n e t h e s t r u c t u r a l parameters 

o f t h e l i g a n d . 

I n c o n t r a s t t h e p a l l a d i u m benzamidino complexes are 

t h o u g h t t o be analogous w i t h t h e d i m e r i c b r i d g e d (1,3-

d i p h e n y l t r i a z e n e ) complexes o f n i c k e l and p a l l a d i u m which 
g 

have been c h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y . The 

a v a i l a b l e evidence f o r t h e n i c k e l complexes i n d i c a t e t h a t 

they have a d i m e r i c s t r u c t u r e o f t h e t y p e , 
Ph Ph Ph Ph Ph 

Ph — C 1 

N N N N 
\ / N i N i / \ N N N N 

Ph 

\ 
Ph Ph Ph Ph Ph 

( F i g u r e 4.15). 
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CHAPTER FIVE 

O-METALLATED AMIDINE COMPLEXES 

OF PALLADIUM, PLATINUM AND NICKEL 



5.0 I n t r o d u c t i o n 

The i n t e r e s t i n c y c l o m e t a l l a t e d complexes 1-3 i s 

c o nsiderable because of the p o t e n t i a l c a t a l y t i c a c t i v i t y 

of such complexes. They are de s c r i b e d as c y c l o m e t a l l a t e d 

because they contain a r i n g system i n which the metal i s 

coordinated to a Group V (N,P,As) or Group VI (0,S) donor 

atom (D), as w e l l as forming a M-C bond, viz. 

/ 
D -i 

M ( F i g . 5.1) 
\ 

A wide v a r i e t y of such complexes are known, e.g. 

a M 
N 
\ 

M = Pd or P t . (4) 

Ar -1 2 ( F i g . 5.2) 

PPh 

Mn(C0 
(5) 

( F i g . 5.3) 

Ph S 

Mn(CO) (6) 

( F i g . 5.4) 
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There has been i n t e r e s t i n or>£?20-metallated amidine 
7 

complexes s i n c e Bradley reported the f i r s t c y c i o m e t a i l a t e d 

complex mercury N,N'-p-tolylformamidine. Here, as p a r t 

of our i n v e s t i g a t i o n of the r e a c t i o n s of amidines with the 

n i c k e l group metals, we have s y n t h e s i s e d a number of r e l a t e d 

0-metallated d e r i v a t i v e s of these metals. 

NOMENCLATURE: Throughout t h i s chapter, the preface (0-M) 

i n the t i t l e of a complex denotes an ort/zo-metallated 

complex. 

5.1 Experimental 

(a) Palladium Complexes; 

5.1.1 The r e a c t i o n of K 2 P d C l 4 with p•F«CgH4NC(Ph)NC6H4•F«p 

DPFPBAH (0.3839g.; 1.25mmol), a n d K 2 P d C l 4 

(0.4080g.; 1.25mmol) were d i s s o l v e d i n 5:2 aqueous methanol 

(25 ml : 10ml) and the mixture r e f l u x e d for 2 hours. The 

r e s u l t a n t black/green s o l u t i o n was f i l t e r e d w h i l s t hot, y i e l d ­

ing a dark-green s o l i d product [Pd(0-M AmH)Cl] n as re s i d u e , 

and a yellow l i q u o r . The product was washed with hexane 

(2x20 ml.), methanol (20 ml.) and f i n a l l y hexane (20 ml.). 

The s o l v e n t was removed in vacuo to y i e l d a yellow powder. 

Analogous r e a c t i o n s were achieved using DPTBAH, DPIPBAH, 

DPAAH, and DPFAH. 

(b) Platinum Complexes; 

5.1.2 The r e a c t i o n of K^Pt C l . with PhNC(Ph)N(H)Ph 

P r e l i m i n a r y i n v e s t i g a t i o n s showed that i f the 

s y n t h e t i c route described i n 5.1.1 was followed for the r e l a t e d 
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platinum complex decomposition occurred during the r e f l u x 

stage to y i e l d platinum metal. The following s y n t h e t i c 

route was the r e f o r e used. 

DPBAH (0.135g.; 0.5mmol), and K 2 P t C l 4 (0,2075.; 

0.5mmol) were d i s s o l v e d i n 2:5:3 methanol (20 ml.), water 

(50 ml.), d i e t h y l ether (30 ml.) mixture. A very s l i g h t 

nitrogen bleed was used to remove very slowly the v o l a t i l e 

s o l v e n t , and the r e a c t i o n mixture was s t i r r e d v i g o r o u s l y at 

room temperature. A f t e r 2 hours the s o l u t i o n became orange 

i n colour, and a f t e r 4 days a dark green-brown s o l i d formed. 

On f i l t r a t i o n a green-brown s o l i d product [Pt(0-M AmH)Cl] 
n 

was i s o l a t e d , which was washed with methanol (5 ml.) and then 

hexane (10 ml.). An analogous r e a c t i o n was c a r r i e d out with 

DPIPBAH. 
(c) N i c k e l Complexes: 

5.1.3 The Reaction of anhydrous N i C l 2 with p-CH^CgH^-
NC(CH 3)N(H)C 6H 4CH 3p. ~~ 

Attempts to use the s y n t h e t i c routes described 

i n 5.1.1 and 5.1.2 r e s u l t e d i n no r e a c t i o n . The following 

method was t h e r e f o r e used. 

DPTAAH (4.76g.; 20mmol), and anhydrous N i C l 2 

(2.592g.; 20mmol) were thoroughly mixed by grinding i n a 

mortar. A C a r i u s tube was then charged with the mixture. 

The tube was evacuated and the mixture heated at 200°C. for 

24 hours. A dark brown i n s o l u b l e s o l i d r e s u l t e d which was 

washed with d i e t h y l ether (10x100 ml.), and then with warm 

d i e t h y l ether (2x50 ml.). This r e s u l t e d i n the removal of 

unreacted organic m a t e r i a l , but unreacted N i C l 2 remained i n 

large amounts, and a pure complex could not be produced. 
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TABLE 5.1 A n a l y t i c a l R e s u l t s 

Complex M.p.c. 
(dec.) % Yield 

Metal 
o, o 

1 C N 
% 

H 
% 

CI 
% 

Pd(O-M)(DPFPBAH)Cl 228 49.8 25.0 50.47 6.20 2.95 8.3 

(green) (23.69) (50.82) (6.24) (2.90) (7.90) 

Pd(O-M)(DPBAH)Cl 218d 66.8 26.3 55.35 7.01 4.16 9.88 

(green) (25.76) (55.25) (6.78) (3.82) (8.58) 

Pd(O-M) (DPTBAH)Cl 238 52.0 26.0 57.68 6.68 4.25 8.55 

(green) (24.12) (57.18) (6.35) (4.31) (8.04) 

Pd(OM) (DPIPBAH)Cl 19 8d 27.9 20.0 58.82 5.61 5.83 7.05 

(green) 121.40) (60.40) (5.63) (5.43) (7.13) 

Pd(O-M)(DPAAH)Cl 252 45.8 30.00 47.85 8.10 4.01 9.76 

(green-yellow) (30.31) (47.90) (7.98) (3.69) (10.10) 

Pd(O-M) (DPFAH)Cl 232d 14.5 31.8 45.84 8.26 3.29 11.15 

(green) (31.57) (46.33) (8.30) (3.26) (10.51) 

Pt(O-M)(DPBAH)Cl 208 15.6 35.9 46.50 5.36 3.81 6.85 

(green-brown) (38.88) (45.48) (5.58) (2.98) (7.06) 

Pt(O-M)(DPIPBAH)Cl 189 68.2 28.0 51.65 5.29 4.06 5.66 

(green-brown) (33.30) (51.25) (4.78) (4.77) (6.04) 

Found ( c a l c u l a t e d ) 
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5.2 I n f r a - r e d Data 

TABLE 5.2 Comparison of I.R. V i b r a t i o n s of Or t /;o-metallated 
Complexes and Parent Amidines 

AMIDINE 
USED Metal 

Highest frequency 
v. (N-C-N) cm - 1 

complex 

v(N-C-N) asym. 
cm - 1 parent 

amidine 

v(N-H) com­
plex 
on 1 

DPFPBAH Pd 1606 1624 3 300 

DPBAH Pd 1605 1630 3 300 

Pt 1605 3290 

DPTBAH Pd 1605 1620 3 300 

DPIPBAH Pd 1610 1620 3 300 
(3360a,3360b) 

Pt 1610 3290 

DPAAH Pd 1610 1624 3320 

Pt 1605 3480* 

DPTAAH Ni 1630 1630 3300* 

DPFAH Pd 1630 1670 3280 (3240c) 

Ni 1670 
1 

3 300* 

(a) r e c r y s t a l l i s e d from D.M.S.O., (b) r e c r y s t a l l i s e d from 

p y r i d i n e . A l l s p e c t r a were recorded nujol/hexachlorobutadiene 

mulls, using CsI/KBr p l a t e s . 

* Not a n a l y t i c a l l y pure. 

5.3 Mass Spectra 

The p o s i t i v e and negative ion e l e c t r o n impact and C . I . 

mass s p e c t r a of these complexes show only peaks a s s o c i a t e d 

with the l i g a n d . The complexes were therefore analysed 

using p o s i t i v e ion F.A.B. mass spectrometry. 
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Figure 5.5 Mass S p e c t r a l Fragmentation Pathway for 
6-membered r i n g complexes 

HOCH, 

-S(CH2) 

CH2SCH 

CH7OH 

7 - ( 
I 

\ if \ P h Pd\ 
/ 

HO(CH 2) 2S(CH 2) 20H 

- S ( C H 2 ) 4 ( 

-t + 

o 
/ 

Pd 

(R) 

^Ph 

Am - H 

- Pd 

Protonation / deprotonation i s not an unusual 

process i n F.A.B. m/s. 
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TABLE 5.3 Pd(0-M DPAAH) and Pd(Q-M DPFAH) Mass Spectrum Assignmer 

Mass (% Ion I n t e n s i t y ) 

Ion Assignment' Pd(DPFAH) C I ; R=H Pd(DPAAH) C I ; R=CH3 

[PhCN] + + H + 104 (25) • -

[Ph(NNH] + 118 (39) 

[PhNC(R) NCgH4] + 195 (63) 209 (100) 

[PhNC(R)NC 6H 4] + + H + 198 (13) 210 (19) 

[PhNC(R)NC 6H 4] + + 2H" 197 (100) 211 (59) 

[PhNCNPdl + + H + 

[Pd(Am-H) V 
[Pd(Am-H)DTG] + 

223 
301 
423 

(0.7) 
(5) 
(24) 

223 
315 
437 

(4) 
(6) 
(35) 

[Pd(Am-H) DTG.CH2-S-CH2 ] + 483 (2) 497 (3) 

t Ions were v e r i f i e d by computer s i m i l a t i o n of isotope 

p a t t e r n s . DTG; THIODIGLYCOL. 

The two compounds were mulled i n t h i o d i g l y c o l and t h e i r 

fragmentation pathways are described i n Figure 5.1. F.A.B. 

s p e c t r a of [Pd(0-M DPTBAH)Cl] n [Pd(0-M DPIPBAH)Cl] n 

[Pd(0-M DPFPBAH)Cl] n [Pd(0-M DPBAH)Cl] , [Pd(0-M DPBAH)] r, 

[Pt(0-M DPIPBAH) C l ] nv;ei-erai\ as g l y c e r o l mulls and proved l e s s 

s u c c e s s f u l ; the main peaks observed being a t t r i b u t a b l e to 
+ + [Am-H] . Traces of [M(Am-H)2] (M=Pt,Pd] were a l s o present 

suggesting t r a c e s of the impurity [M(Am-H) 2C1 2]. 

5. 4 Thermogravirnetric Studies 

The thermograms (Figure 5.6) are f e a t u r e l e s s , the residue 

being palladium metal corresponding to the t h e o r e t i c a l palladium 

content of the complexes. The one d i s t i n c t t r a n s i t i o n i n 



t § 
X 

X i 
+ + 

o t-cn 
I: G 

u 
CQ 
04 oo PQ En H 

04 (X 04 
a Q 

O I. 
-a 13 'a LU 04 P4 Oh 04 

LU 

O 
o CO 

8 

I i 

/ 

d 
a 
cm 

03 
•N o 
CM or 

y j 

« 

o o o o CO CD cn 1 >M% 



176 

the complexes approximates to l o s s of amidine l e a v i n g 

r e s i d u a l [ P d C l ] . 

% wt. l o s s . (Found) Temp .range °C: Pd(DPIPBAH)Cl 70 

(72) [0-439°]; Pd(DPTBAH)Cl 68(68) [0-400°]; Pd(DPBAH)Cl 

66 (65) [0-410°]; Pd (DPFPBAH) C l 39 (72) [0-32-1°]; Pd(DPFAH)Cl 

58 (44) [0-331°]; Pd (DPAAH) Cl 60(61) [0-321°] . 

5.5 E.S.C.A. Data 

The low s o l u b i l i t y of the complexes prevented the 

a p p l i c a t i o n of normal s o l v e n t based a n a l y t i c a l techniques. 

Consequently an attempt was made to obtain E.S.C.A data 

(S.A.Johnson, U n i v e r s i t y of Durham) on these complexes for 

c h a r a c t e r i s a t i o n purposes. Sample charging was determined 

by r e f e r r i n g to the intense C, peak at a binding energy of 
x. s 8 5 / 285.OeV. The binding energy of the Pd 3d /2 core l e v e l for 

the complexes was c o n s i s t e n t l y 338.2eV, and s i n c e palladium 

i s one of the elements for which a f a i r l y good c o r r e l a t i o n 
9 

between binding energy and oxidation s t a t e e x i s t s , the elem­

ent here can be assigned on oxidation s t a t e of +2. For 
5 10 (this work) 

comparison, binding energies [Pd/3d /2] of '^335.7, ^336 .0 
337.5-339.2 1 0 and 340.3eV 1 0 were found for the fr e e metal, 

PdCPPl^)^, a range of compounds inv o l v i n g the +2 ox i d a t i o n 

s t a t e , and I^P d C l ^ r e s p e c t i v e l y . The C12p /l core l e v e l 

binding energy of ^198.leV suggests i t s attachment to a m e t a l , ^ 

but i t i s not p o s s i b l e to a s s i g n the c h l o r i n e to a term i n a l 

or bridgigg p o s i t i o n . The C, spectrum i s very i n t e n s e be-

cause of the a r y l r i n g s , and the presence of uns a t u r a t i o n i n 

these systems was confirmed by the C^ s shake-up s a t e l l i t e with 
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a k i n e t i c energy some 6.6eV lower than the main photoionis-
12 

a t i o n peak. The N, s i g n a l e x h i b i t s a binding energy of 

'MOO. 5eV which i s f a i r l y t y p i c a l for nitrogen i n an organic 

compound; however because of the low peak i n t e n s i t y , and 

the high i n t e n s i t y of the C l s s i g n a l s i t was not p o s s i b l e 

to make a conclusion about the environments of the nitrogens. 

5.6 N.M.R. 

1 13 
H and C data are recorded i n Tables 5.4 and 5.5. 

5.7 D i s c u s s i o n 

The r e a c t i o n of amidines with I^MCl^ (M=Pd or Pt) i n 

5:2 r e f l u x i n g aqueous methanol, or aqueous methanol/ether 

r e s p e c t i v e l y r e s u l t s i n the formation of complexes of the 

type [M(0-M AmH)Cl] n. The formulation i s based on elemental 

a n a l y s i s , thermogravimetric a n a l y s i s , mass spectroscopy and 

i n f r a - r e d data. 

The grey-green complexes formed were very i n s o l u b l e 

i n v o l a t i l e s o l i d s s t a b l e i n a i r , but which decomposed slowly 

i n s o l u t i o n y i e l d i n g palladium;pl*fc'muca;metel.The i n s o l u b l e and 

i n v o l a t i l e nature of the complexes led to problems of c h a r a c t ­

e r i s a t i o n , e s p e c i a l l y i n n.m.r. where extremely long a c q u i s i t i o n 

times were required to produce reasonable s p e c t r a . 

The i n f r a - r e d s p e c t r a of the complexes show a c h a r a c t e r ­

i s t i c v(N-H) v i b r a t i o n , a.a. 3300 cm 1 , a higher frequency 

than that a s s o c i a t e d with uncoordinated amidines (3230 cm ^ ) , 
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TABLE 5.4 H N.M.R. of o-metallated palladium and 
platinum amidines (5 values) 

Complex N-H C a r y l C other Solvent 

Pd(0-MDPFAH)C1 10.1 (br) 7.81-[M-CH](d),7.80-
7.29(8H)[aryl](m) 

C-H 8.01 
(1H) (s) 

d 6 Acetone 

Pd(O-MDPAAH)Cl 10.17 (br) 7.78[M-CH](d), 7.34-
7.22(3H)[o-met.ring 
H ] (m) , 7.07-6.68(5) 
[aryl ring](m) 

C-H3 1.97 
(3H) (s) 

d 6 DMSO 

Pd(0-MDPIPBAH)C1 n.o. 7.43(1H)[M-CH](d), 
7.4-6.47(12H)[aryl 
rings](M) 

C-H 2.78-
2.56(2H) (m) 
CH3 1.05(d) 
and 0.95(d) 

d 6 Acetone 

Pd(OMDPTBAH)Cl 9.14 6.43-5.32(12H) 
[aryl rings](m) 

CH 1.05(s) 
and 1.02(s) 
(br) 

d 6 DMSO 

Pd(OMDPFPBAH)Cl 9.14 6.69-5.68(12H) 
[aryl rings] (m) 

d 6 DMSO 

Pd(O-MDPBAH) Cl 9.15 6.65-5.71 [aryl 
rings] (m) 

d 6 DMSO 

Pt(0-MDPBAH)C1 9.43 7.39-6.42 [aryl 
rings] (m) 

CDC13 

Pt(0-MDPIPBAH)C1 9.36 7.19-6.22(12H) 
[aryl rings] (m) 

C-H 2.63(m) 
and 2.80(m) . 
CH3 CH3 1.16 
(d) and 1.01 
(d) 

CDC13 

Key: d = doublet, m = m u l t i p l e t , s = s i n g l e t , br = broad. 
6 values r e l a t i v e to T.M.S., n.o.= not observed. 



179 

<u c O et
o 

1 a 0 
< 

Q l£> ID 
i l "0 •0 

M in 
C l f N 5 f i o f N 

rH in in 
rH 
U CO 

rH f N 
rH rH O 

rH 10 in 
o~ 6 CTl 
rH m f N CJ rH rH 

s r. cn 
rH en 8 m 
rH 

rH 
rH 

CO 
CO 
U m 

rH 

CO 

u 00 
f N 
rH 

CO in 
l£> d (J r~ d 

f N m 
rH rH 

T r-
m • r CJ CO CJ o rH rH 

CO cn 
T 
CJ *T cn CJ 

IN f N 
rH rH 

f N 
m CJ rH 

m 
rH 

r--
0 CO 0 CO 

rH 

f N 
rH 

f N 

CJ 
m 
• H 

rH rH 
U U 

X n 1 
Ul 
• J 

MP
 A 

o •a •a u Pi ft 

f 
iH 
0 
cn 

•M o o o 
8 j | ^ 5^ n ro 
< D Q Q rH rH 

l£> l£> Q Q 1 
T3 Tl U U 

6 
r-1 • | | c. . X T X -<r <T 1 
CJ fN fN CJ fN fN 

:c
a CH
 

34
.7
 

34
.5
 

24
.3
 

CH
 

34
.3
 

34
.1
 

13
1.
7 

13
0.
5 

j 
12
4.
4 

rH 

rH 
U ' 

12
5.
4 

13
2.
8 

11
8.
0 

13
1.
8 

12
5.
6 

12
9.
1 

in 
rH 

in 
rH 

u 

12
6.
7 

13
2.
8 

11
9.
4 

12
7.
2 

12
4.
8 

C1
4 

14
6.
0 

13
3.
0 

14
6.
3 

C1
3 

12
7.
2 

12
7.
2 

12
8.
4 

C1
2 

12
5.
3 

1 12
5.
6 

Cl
l 

13
1.
3 

13
2.
0 

12
4.
7 

CI
O 

12
4.
7 

12
6.
0 

12
5.
7 

C9
 1 

12
6.
9 

11
9.
1 

12
6.
1 

12
6.
7 

C8
 

14
6.
3 

| 
C6

 
[ 
C7
 

in oo 
1 r- i — 

fN fN rH rH 

| 
C6

 
[ 
C7
 

12
8.
3 

| 
12
8.
1 

12
7.
6 

in 
O 12

9.
4 

i i 

12
9.
0 

12
6.
4 

C4
 

1 
12
8.
8 

12
8.
7 

12
7.
2 

C3
 

14
2.
5 

14
2.
3 

14
6.
8 

C2
 

13
8.
2 

13
2.
1 

13
2.
2 

13
5.
2 

13
5.
7 

CI
 

16
3.
5 

16
4.
2 

CO
MP

LE
X 

rH rH 
U rH rH ( J 
—- U CJ -H — -H j | — ~ U ^ CJ 

I l l l § l 
i * i i i A 
'0 TO X> T) 4-1 4-> 
n, j i , e, & p. P, 

c ^ 
\ 

o 



180 

and a s i m i l a r one to the r e l a t e d ortho-metallated rhenium 
-1 13 

e,a* 3340 cm , The acetamidine and formamidine complexes 

may only form six-membered r i n g complexes, whereas the benza-

midines may form f i v e , s i x r i n g , or a mixture of both com­

plexes. Study of the v(N-H) v i b r a t i o n (Table 5.2) shows 

th a t i n the i n f r a - r e d s p e c t r a there i s no c o r r e l a t i o n between 

v(N-H) p o s i t i o n and r i n g s i z e , e.g. [Pd(0-M DPAAH)Cl] n, 5-

membered r i n g v(N-H), 3320 cm - 1, [Pd(0-M DPFAH)Cl] n, 5-membered 

r i n g vW-H) , 3240cm ^. The p o s i t i o n of the v i b r a t i o n a c t u a l l y 

changes depending on the so l v e n t from which the complex i s r e -

c r y s t a l l i s e d , e.g. [Pd(0-M DPIPBAH)CI] ; from r e a c t i o n mixture 

v(N-H) 3330 cm ^, from a D.M.S.O. r e c r y s t a l l i s a t i o n 3360 cm 1 . 

Thi s may be a t t r i b u t e d to the breaking down of lar g e aggregates 

by h i g h l y donating so l v e n t s and consequent breakdown of any 

H-bonding and packing f a c t o r s which may a f f e c t the p o s i t i o n 

of the v(N-H) s i g n a l . The break-up of the s t r u c t u r e would 

be achieved by the cleavage of the c h l o r i n e bridges i n the 

complex, to form donor solvent adducts, viz. 

L=DMS0 
— ——& 

or Py 

H 
I 

Pd 

CI 
(Figure 5.9) 

A s i m i l a r e f f e c t has been noted i n the mass spectrometer, 

where the mulling agent t h i o d i g l y c o l c l e a v e s the c h l o r i n e 

bridges (Figure 5.5). The i n f r a - r e d s p e c t r a of a l l the com­

plexes i n the v(NCN) region of the spectrum are complex. 

The hi g h e s t frequency bands, assigned to the v(NCN) asymmetric 
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s t r e t c h , are l i s t e d i n Table 5.2, w i t h t h e c o r r e s p o n d i n g 

bands o f t h e p a r e n t amidines. There i s c l e a r l y a decrease 

i n f r e q u e n c y compared w i t h t h a t o f t h e p a r e n t amidine. T h i s 

Av i s a t t r i b u t e d t o the p e r t u r b a t i o n o f the NCN group caused 

by t h e heavy Pd and Pt atoms. 

The LH n.m.r. (Table 5.4) o f t h e [Pd(0-M DPAAH)C1] 

and [Pd (0-M DPAAH)Cl] n are c l e a r l y c o n s i s t e n t w i t h a s t r u c t u r e 

o f t h e t y p e ( F i g . 5.10): 

H 

r ^ ^ v - N — C R 
Ar 

C I 

( F i g u r e 5.10) 

— i n 

which i s analogous t o the complex p r e v i o u s l y s y n t h e s i s e d 
14 

by K i l n e r , and which as a c y c l o p e n t a d i e n e d e r i v a t i v e 
W allwork 15 found u n e q u i v o c a l l y t o have a six-membered 

r i n g system by X-ray c r y s t a l l o g r a p h y ( F i g u r e 5.11) . The 

benzamidine o- m e t a l l a t e d complexes have "̂H n.m.r. s p e c t r a 

w i t h v e r y complex a r o m a t i c r e g i o n s , however t h e s u b s t i t u e n t 

groups on t h e n i t r o g e n s , e.g. CH, and CH^ i n the case o f 

[Pd(0-M DPIPBAH)Cl] n g i v e r i s e t o two s i g n a l s i n each case 

which i s expected f o r an o - m e t a l l a t e d s t r u c t u r e . S i m i l a r l y 
19 

t h e F n.m.r. o f [Pd(0-M DPFPBA)Cl] n has two s i g n a l s p r e s e n t . 

I n t e r e s t i n g l y t h e N-H s i g n a l s f o r t h e benzamidine complexes 

occur a t lower f i e l d s t h a n those o f t h e a c e t a m i d i n e and form -

amidine complexes, and may be i n d i c a t i v e o f a five-emembered 

r a t h e r t h a n a six-membered r i n g system (Table 5.4). 

13 

The C n.m.rs. o f t h e complexes were v e r y d i f f i c u l t t o 

o b t a i n because o f poor s o l u b i l i t y , and i n t h e main t h e r e s u l t 
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was a few s i g n a l s w h i c h were a t t r i b u t a b l e t o t h e a r y l r i n g s . 

However, re a s o n a b l e s p e c t r a were o b t a i n e d f o r [Pd(0-M DPIPBAH)-

C l ] n and [Pd(0-M DPAAH)Cl] n which were comparable. The C-1 signal 

(see F i g u r e 5.8) appears a t a lower f i e l d i n the benzamidine 

case (163.5 p,p.m=), than t he a c e t a m i d i n e case (156.2 p.p.m.). 

T h i s may be i n d i c a t i v e o f f i v e - and six-membered r i n g s t r u c t ­

ures r e s p e c t i v e l y . The five-membered r i n g a l l o w i n g more de-

l o c a l i s a t i o n over t h e C-1 carbon, and hence a downfield s h i f t . 

The o r t / z o - m e t a l l a t e d C-3 carbon ( F i g u r e 5.8) o f t h e a r y l r i n g 

i s moved downfield t o a c o n s i d e r a b l e extent,e.a.A p.p.m. 

[Pd(0-M DPAAH)Cl] n, A = 23 p.p.m. and [Pd(0-M DPIPBAH)CI]^, 

A = 14 p.p.ITU 

The complexes are s i m i l a r i n n a t u r e t o t h e ortho-metall-
4 

a t e d azobenzene p a l l a d i u m and p l a t i n u m complexes and t h e 

mechanism o f f o r m a t i o n i s p r o b a b l y s i m i l a r t o t h a t d e s c r i b e d 

by Parshall"'" f o r azobenzene, ( F i g . 1 2 ) . 
Steps I and I I may e i t h e r occur by an SN1 or an SN2 

mechanism, and an analogous azobenzene complex t o t h a t p o s t u l -
16 

a t e d i n s t e p I has been i s o l a t e d . The s i g n i f i c a n t i n t e r ­

a c t i o n i n t h e sequence occurs i n I I , w i t h t h e f o r m a t i o n o f 

a Tr-arene complex. The e x a c t n a t u r e o f steps I I I t o IV i s 

unknown, b u t a t h r e e c e n t r e i n t e r m e d i a t e has been p o s t u l a t e d , 

viz: 

M - - - C 
\ / \ 

"H ' 
( F i g u r e 5.13) . 
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FIGURE 5.12 Proposed Mechanism o f f o r m a t i o n o f P a l l a d i u m and 
P l a t i n u m ortho-metallated Complexes. 

o PdCl Ar N N 
H 

CI + CI 

CI 
O C l Pd C l 

Ar N N 

C l + C l 
I I 

C l 
C l Pd 
Ar N N 

R H r i n 
c l H 
Pd 

Ar N N 
R H 

+ IV H + H 

C l 
O C l Pd 

i Ar N 
R H 

r C] + c i o V C l Pd 
Ar N N 
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The p l a t i n u m complexes w i l l be formed i n a s i m i l a r 

manner. The n i c k e l complexes were produced by t h e e f f e c t 

of h e a t , and c o u l d n o t be p u r i f i e d i n the t i m e a v a i l a b l e , 

a l t h o u g h i n f r a - r e d d ata c o n f i r m e d t h e presence of an ortho-

m e t a l l a t e d s p e c i e s . The main i m p u r i t y was u n r e a c t e d n i c k e l 

c h l o r i d e , and t h i s may be removed i n t h e f u t u r e by soxhlet 

e x t r a c t i o n w i t h monoglyme, or washing w i t h a l c o h o l s : t h e 

ve r y i n s o l u b l e o r t T z o - m e t a l l a t e d s p e c i e s b e i n g i s o l a t e d as 

a r e s i d u e . The y e l l o w r e s i d u e from t h e p a l l a d i u m r e a c t i o n 

was v e r y i n v o l a t i l e , and d i f f i c u l t t o r e c r y s t a l l i s e , s p e c t r o ­

s c o p i c and i n f r a - r e d a n a l y s i s i n d i c a t e d u n r e a c t e d a m i d i n e , 

Pd(Am H ) ^ ^ and p a l l a d i u m h y d r o x i d e as b e i n g p r e s e n t . 
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CHAPTER SIX 

THE REACTION OF LITHIATED 

UNSUBSTITUTED AMIDINES WITH 

M(PhCN) 2Cl 2 (M=Pd or P t l 
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6.1 I n t r o d u c t i o n 

I n p r e v i o u s c h a p t e r s we have i n v e s t i g a t e d t h e r e ­

a c t i o n s o f l i t h i a t e d a r y l s u b s t i t u t e d amidines w i t h 

M(PhCN) 2 ^ = p <3 or Pt) complexes and anhydrous n i c k e l 

c h l o r i d e ; as w e l l as the r e a c t i o n s o f n e u t r a l amidines w i t h 

t e t r a c h l o r o - p a l l a d a t e and p l a t i n a t e s a l t s . T h i s c h a p t e r 

d e s c r i b e s t he r e a c t i o n o f l i t h i u m d e r i v a t i v e s of u n s u b s t i t -

u t e d amidines of the type Li[HNC(R)NH] [R= Ph, t - b u t ) w i t h 

P t ( P h C N ) 2 C l 2 and Pd(PhcN) 2C1 2. 

6.2 The R e a c t i o n o f Pt(PhCN) 2C1 w i t h Li[HNC(Ph)NH] 

Benzamidine h y d r o c h l o r i d e ( p r e v i o u s l y d r i e d ) , (1.5552g.; 

10 mmols) was d i s s o l v e d i n anhydrous d i e t h y l e t h e r (100 ml.) 

t o y i e l d a w h i t e suspension. The suspension was c o o l e d t o 

0°C. w i t h an i c e b a t h , and n - b u t y l l i t h i u m (20 mmol.; 2.65 mis. 

added. The s o l u t i o n was coo l e d to -19 6°C u s i n g l i q u i d n i t ­

rogen, and P t ( P h C N ) 2 C l 2 (2.3607g.; 5 mrnols) added. The 

m i x t u r e was s t i r r e d f o r 48 hours a t room temp e r a t u r e y i e l d i n g 

a y e l l o w s o l u t i o n . The s o l v e n t was removed in vacuo, and 

th e r e s i d u a l r e c r y s t a l l i s e d from d i c h l o r o m e t h a n e (200 m l . ) , 

t o y i e l d g olden y e l l o w p l a t e l e t s o f Pt[HNC(Ph)NC(Ph)NH] . 

Y i e l d : 84%, m.p. 98°C decomposed. 

6.2.1 A n a l y t i c a l Oata 

Found: C, 52.81; 11, 4.91; N, 13.03; P t , 27.fi?,. 

PtC 9oN,H . r e q u i r e s C, 52.'39; I I , 3.76; N, 13.14; Pt, 30.5.1 

http://27.fi
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6.2.2 I.R. data (CsI/KBr p l a t e s ; n u j o l / h e x a c h l o r o b u t a -
d iene m u l l s ) f o r Pt[HNC(Ph)NC(PhNH] 0 

3420(w), 3220(br.m.)/. 3040(w), 2960(w.sh.), 

2 8 6 0 ( 2 ) , 2160(v.w.), 1630(m.), 1582(w), 1560(w), 1 5 3 0 ( s ) , 

1 4 5 0 ( s ) , 1 4 2 0 ( s ) , 1300(m), 1260(w.sh.), 1040(w), 1030(w), 

1000(v.w.), 920(m.br.), 840(w.w.br.), 790(w.sh.), 780(m), 

7 2 0 ( s . s h . ) , 6 9 8 ( v . s . ) , 590(v.w.). 

Key: w=weak, m=medium, s = s t r o n g , sh=shoulder, v=very, 

b r = b r o a d . 

6.2.3 Mass Spectrum 

TABLE 6.1 Mass S p e c t r a l F r a g m e n t a t i o n Assignment f o r 
Pt[HNC(Ph)NC(Ph)NH]„ 

Peaks m/e Assignmen t 

639 195 PtC N H c 28 6 24 
536 195 PtC N H 21 5 19 
417 195 PtC N H 14 3 12 
314 195 

-'-"PtC.yN H 
119 PhCN H 

103 PhCN 

6.2.4 N.M.R. Data (Tables 6.2 and 6.3) 

TABLE 6.2 1H N.M.R. Spectrum o f Pt[HNC(Ph)NC(Ph)NH] 

(5 v a l u e p.p.m. I n t e g r a l Assignment J 

8.2 5 - 7.38 complex 

m u l t i p l e t 

8.8 

20(H) Phenyl hydrogens 

N-H p r o t o n s ? 
( v e r y weak) 
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TABLE 6.3 C N.M.R. Spectrum o f Pt [HNC(Ph)NC(Ph)NH] 2 

Carbon Assignment p.p.m. F i g u r e 6.1 

C-1 C-2 C-3 C-4 C-5 Other weak s i g n a l s 

a t 128.3, 129.25, 131.8 
...J 

157. 6 139 . 2 128.0 124 .9 126.9 

Other weak s i g n a l s 

a t 128.3, 129.25, 131.8 
...J 

A l l v a l u e s r e l a t i v e t o T.M.S. = 0, S o l v e n t CDCl 

o H n 
\ N 1 X 

X. N Pt 

N 
/ 

0 
H o 

F i g u r e 6.1 

6.3 The Re a c t i o n o f Pd(PhCN) 2Cl 2 w i t h Li[HNC(C 4H g)NH] 

T - b u t y l a m i d i n e HC1 (0.6755g.; 0.5 mmols) was d i s s o l v e d 

i n monoglyme (100 ml.) t o y i e l d a w h i t e suspension. This 

was c o o l e d t o 0°C u s i n g an i c e b a t h , and n - b u t y l - l i t h i u m 

(6.62 ml.; 10 mmol.) added. The s o l u t i o n became w h i t e i n 

c o l o u r , and a suspension formed. A f t e r s t i r r i n g f o r /4 h r . 

a t room t e m p e r a t u r e t h e suspension was co o l e d t o -19 6°C w i t h 



191 

l i q u i d n i t r o g e n , and Pd(PhCN) 2Cl 2 (0„0958g.; 0.25 mmol) added. 

The s o l u t i o n was a l l o w e d t o s t i r f o r 14 h r s . a t room temper­

a t u r e y i e l d i n g a b r i g h t - y e l l o w s o l u t i o n . The s o l v e n t was 

removed in vacuo t o y i e l d a y e l l o w - g r e e n s o l i d . The s o l i d 

which proved f a i r l y i n s o l u b l e , - was washed w i t h d i e t h y l e t h e r 

(160 ml.) and t h e n d i c h l o r o m e t h a n e (100 m l . ) , b e f o r e r e -

c r y s t a l l i s a t i o n from T.H.F. (150 ml.) t o y i e l d a lemon s o l i d 

(mp, 146°). A s m a l l amount o f T.H.F. i n s o l u b l e red-brown 

s o l i d was removed by f i l t r a t i o n . 

6.3.1 A n a l y t i c a l Data 

Found: C, 43.02; H, 8.52; N, 13.59 [PdC 2 4N gH ] 

r e q u i r e s C, 56.45; H, 6.27; N, 16.43 Pd, 20.84. 

6.3.2 I.R. Data (CsI/KBr p l a t e s , n u j o l and h e x a c h l o r o -
b u t a d i e n e m u l l s ) f o r PcHHNC ( t - b u t ) NC (Ph) NH] n + 1 

3 3 9 0 ( b r . s . ) , 2 9 6 0 ( s ) , 2 9 2 0 ( s ) , 2 8 6 0 ( s . s h . ) , 

1 6 3 0 ( s ) , 1580(m), 1 5 5 0 { s ) , 1450(m), 1370(m), 1250(m), 1230(m.sh 

1250(m), 1230(m.sh), 1198(w), 1025(w), 970(w), 860(w), 800(w), 

6 0 0 ( s . b r . ) , 5 3 0 ( v . b r ) . 
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6.3.3 Mass Spectrum 

TABLE 6.4 Mass S p e c t r a l F r a g m e n t a t i o n Assignment f o r 
PdJHNC(t-but)NC(Ph)NH] , n 

Peaks m/e Assignment 

1126 1 0 6 p d 3 C 4 8 N 1 2 H 6 4 
818 1 0 6 p d 2 C 3 6 N 9 H 4 8 
715 1 0 6 P d 2 C 2 9 N 8 H 4 3 

616 1 0 6 P d C N H 
2 24 6 32 

510 1 0 6 p d C 2 4 N 6 H 3 2 
308 1 0 6 p d C 1 2 N 3 H 1 6 
205 1 0 6 P t [ C 4 H 9 C ( N H ) 2 \ 

103 PhCN 

99 
i 

C 4 H g ( N H ) 2 

6.3.4 N.M.R. Data (Tables 6.5 and 6.6 

TABLE 6.5 1H N.M.R. Data o f Pd n[HNC(t-but)NC(Ph)NH] 

6 v a l u e s p.p.m. I n t e g r a l Assignment 

1.51 9H t - b u t y l group 

1.58 t - b u t y l group 

7.71-8.3 complex 5H PhCN 
m u l t i p l e t 

A l l v a l u e s r e l a t i v e t o T.M.S. = 0 p.p.m. S o l v e n t CDCl 
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TABLE 6.6 C N.M.R. Data o f Pd [HNC(t-but)NC(Ph)NH] 
n 

C-l C-2 C-3 C-4 C-5 C-6 C-7 C-8 

n.o. 132 .2 129.2 127 . 3 128.7 175.9 37.2 28.2 

Other weaker s i g n a l s a t 29.0, 176[t-buty1HC1] and 132.8, 

130.0 and 128.85 

A l l v a l u e s r e l a t i v e t o T.M.S. = O, S o l v e n t CDCl- ; n.o.=not observed 

( o H 

N 

F i g u r e 6 . 2 N 
\ N 

CH 
H 8 i"C. 

CH 

6.4 D i s c u s s i o n 

L i t h i a t e d benzamidine has r e a c t e d w i t h Pt(PhCNJC^, 

by n u c l e o p h i l i c a t t a c k a t the n i t r i l e t o y i e l d Pt[HNC(Ph)-

NC(Ph)NH]^, a p l a t i n u m complex c o n t a i n i n g two six-membered r i n g s 

The s t r u c t u r e has been proven u n e q u i v o c a l l y by W a l l w o r k 1 

u s i n g X-ray c r y s t a l l o g r a p h y , and i s d e s c r i b e d i n F i g u r e 6.3. 

The Pt[HNC(Ph)NC(Ph)NH] complex i s a g o l d e n - y e l l o w c r y s t a l l ­

i n e s o l i d which i s s t a b l e i n a i r over s h o r t p e r i o d s as a s o l i d , 

b u t decomposes r a p i d l y i n s o l u t i o n . The Pt[HNC(Ph)NC(Ph)NH] 0 
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complex i s s i m i l a r t o those d e s c r i b e d p r e v i o u s l y by Kemmit' 

shown i n F i g u r e 6.4, and by Bruce and Woodward", F i g u r e 6.5, 
/CF., 

PPh~ N = C 

^ P t \ 

PPh-, N C 
3 I \ 

H CF, 

F i g u r e 6.4 

H 

(O-Me) 3R 

( n c 5 H 5 ) 

1 \ 

\ / 
CF. 

N = C 

Ru 

N C 
/ N 

H CF, 

F i g u r e 6.5 

which have been c h a r a c t e r i s e d by X-ray c r y s t a l l o g r a p h y , 

as can be seen by comparing t h e s t r u c t u r a l parameters de­

s c r i b e d i n Table 6.7. 

TABLE 6.7 Comparison o f S t r u c t u r a l Parameters o f Complexes 
c o n t a i n i n g Six-membered Rings 

Structural 
Parameter 

Pt[HN(Ph)NC(Ph)NH]2 (PPh J ?Pt(HNC-
(CF3rNC(CF3)N) [P(OMe) (nC H )]Ru-

(HNC(CF3)NCTCF3) (NH) (1) (2) (3) 

M-N 1.96 2 .02 2.07 8 
(M)-N-C 1. 36 1.36 and 1.24 1.27 and 1.298 

ON- (C) 1.30 1.34 and .32 1.32 8 
C-N-C 121 - 119.5° 

N-M-N 
! 

89.5 - 83.6° 
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For Pt [HNC (Ph) NC (Ph) NH] , t h e v (N-H^bands a t 3420 

and 3 320 cm are h i g h e r t h a n those o f t h e p a r e n t amidine 

a t 3290 and 3220 cm 1 . I t s h o u l d a l s o be n o t e d t h a t i n 

n u j o l m u l l t h e complex was v e r y s u s c e p t i b l e t o h y d r o l y s i s . 

The v (N-C-N) asymmetric s t r u c t u r e v i b r a t i o n o f t h e p a r e n t 

( 1 6 4 0 ( s . b r . ) cm ^) i s s l i g h t l y l owered i n f r e q u e n c y , a.a. 

1630 ( s . b r . ) cm ^ and reduced i n i n t e n s i t y on c o m p l e x a t i o n . 

The "*"H n.m.r. has a complex m u l t i p l e t i n t h e a r o m a t i c 

r e g i o n as e x p e c t e d , and a v e r y weak s i g n a l a t a.a. 6 8.8 
13 

which may be a t t r i b u t a b l e t o t h e N-H p r o t o n s . The C n.m.r. 

( F i g . 6.1) i s a s s i g n a b l e i n accordance w i t h t h e X-ray s t r u c t ­

u re ( F i g . 6 . 3 ) , though t h e a r o m a t i c r e g i o n o f t h e spectrum i s 

more complex t h a n expected w i t h t h r e e e x t r a s i g n a l s b e i n g 

observed. There are s e v e r a l p o s s i b l e e x p l a n a t i o n s f o r t h e s e 

s i g n a l s . One i s t h a t a t room t e m p e r a t u r e t h e r o t a t i o n o f 

th e a r y l r i n g s i s slow, and hence we are n o t s e e i n g t i m e 

averaged a r y l e n v ironments. Another p o s s i b i l i t y i s t h e i n t r o ­

d u c t i o n o f asymmetry i n t o t h e complex, however, t h i s would 

i n v o l v e a d d i t i o n a l peaks b e i n g observed f o r C-1 and C-2 

carbons ( F i g . 6 . 1 ) , which i s n o t t h e : case. Sample decompos­

i t i o n , o r t a u t o m e r i s m o f t h e c e n t r a l r i n g w ould have a s i m i l a r 

e f f e c t . None o f these e x p l a n a t i o n s may be used t o f u l l y 

e x p l a i n t h e observed d a t a . The C-1 carbon i s moved o n l y 

s l i g h t l y u p f i e l d on c o m p l e x a t i o n when compared w i t h t h e C-1 
4 

i n benzamidine 164.6 p.p.m. The u p f i e l d s h i f t may be due 

t o a g r e a t e r s p r e a d i n g o f t h e e l e c t r o n - d e l o c a l i s a t i o n assoc­

i a t e d w i t h t h i s carbon i n t h e f r e e a midine, t h r o u g h o u t t h e 

new r i n g system. 
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The p a r e n t i o n of t h e complex i s o b s e r v e d i n the mass 

s p e c t r u m a t m/e 639. The breakdown of the complex o c c u r s by 

t h e b reak-up of one of t h e r i n g s r e s u l t i n g i n the l o s s o f 

PhCN, f o l l o w e d by the break-up of t h e o t h e r r i n g , a g a i n r e ­

s u l t i n g i n PhCN l o s s , and l e a v i n g the two amidine fragments 

j o i n e d t o the p l a t i n u m . F i n a l l y both fragments a r e l o s t . 

L i t h i a t e d t - b u t y l amidine has r e a c t e d w i t h P d ( P h C N ) 2 C l 2 

i n a s i m i l a r manner t o the r e a c t i o n of l i t h i a t e d b enzamidine 

and Pt(PhCN)2CI2» to y i e l d a lemon a i r and m o i s t u r e s e n s i t i v e 

p r o d u c t . A n a l y s i s ( p r e s e n c e of c h l o r i n e ) , and n.m.r. 

( s i g n a l s due t o t - b u t y l amidine H C l ) , show t h a t the p r o d u c t 

c o n t a i n s u n r e a c t e d amidine, p r o b a b l y a r i s i n g from i n c o m p l e t e 

r e a c t i o n of the amidine a t the l i t h i a t i o n s t a g e . The com­

p l e x i s a l s o f a i r l y i n s o l u b l e , and numerous r e c r y s t a l l i s a t i o n s 

f a i l e d t o produce u n c o n t a m i n a t e d p r o d u c t . Attempts a t chromo-

t o g r a p h i c s e p a r a t i o n were p r e c l u d e d by poor s o l u b i l i t y . The 

mass s p e c t r u m i n d i c a t e s P d 3 [ H N C ( t - b u t ) N C ( P h ) N H ] 4 s p e c i e s , and 

shows a l i g a n d r i n g breakdown p a t t e r n s i m i l a r t o t h a t o b s e r v e d 

f o r Pt[HNC(Ph)NC)Ph)NHJ 2. The 1H n.m.r. of the complex 

shows one peak a s s o c i a t e d w i t h the t - b u t y l p o r t i o n of t h e 

c o m p o s i t e l i g a n d , and complex m u l t i p l e t f o r the a r o m a t i c r i n g . 

A weak s i g n a l a s s o c i a t e d w i t h u n r e a c t e d s t a r t i n g m a t e r i a l was 
T o 

o b s e r v e d a t 61.58 p.p.m. The C n.m.r. c o n t a i n s s i g n a l s 

c o n s i s t e n t w i t h a Pd R[HNC(t.but)NC(Ph)NH] complex, a l t h o u g h 

as i n the c a s e of P t [ H N - C(Ph)NC(Ph)NH] 2, the a r o m a t i c r e g i o n 

c o n t a i n s some c o m p l i c a t i o n s . The C - l ( F i g . 6 . 2 ) c arbon was not 

o b s e r v e d . The C-6 ( F i g . 6 . 2 ) r i n g c a r b o n a s s o c i a t e d w i t h the 

t - b u t y l group i s moved s l i g h t l y u p f i e l d when compared w i t h 

t h a t o f t - b u t y l amidine h y d r o c h l o r i d e (176.95 p.p.m.), i n d i c a t i n 



19a 

t h a t d e l o c a l i s a t i o n throughout the composite l i g a n d i s 

o c c u r r i n g , c a u s i n g the e l e c t r o n d e n s i t y a t t h e C-6 c arbon 

t o be r e d u c e d s l i g h t l y . The i . r . d a t a d i d not y i e l d u s e f u l 

d a t a b e c a u s e of c o n t a m i n a t i o n by u n r e a c t e d l i g a n d . 

The mass s p e c t r a l f o r Pd nIHNC(t-but)NC(Ph)NH] i s 

e s p e c i a l l y u s e f u l i n i n d i c a t i n g a p o s s i b l e f o r m u l a t i o n . 

The complex i s c l e a r l y not of t h e M ( L ) 2 type o b s e r v e d f o r 

P t [ H N C (Ph)NC(Ph)NH] 2. Two p o s s i b i l i t i e s a r e : F i g s . 6 . 6 , 6.7 

(1) A polymer: 

0 ,N t - b u t 0 N t - b u t 
\ / X / \ / \ / \ / X / 

H H H X \ N N N 
\ / 

Pd Pd Pd 
/ 

N N / / \ H 
\ 
C 

H N \ 

H C / x t - b u t V 0 0 but 
N N i n 

F i g u r e 6.6 

(2) A t r i m e r i c s t r u c t u r e b a s e d on p a l l a d i u m ( I I ) a c e t a t e (5) 

The l a t t e r s t r u c t u r e does, however, presume t h a t the 

p a r e n t i o n i s not o b s e r v e d i n the mass s p e c t r o m e t e r , but 

t h a t o f t h e p a r e n t - 2 l i g a n d s . T h i s would not be s u r p r i s i n g 

c o n s i d e r i n g the h i g h mass of t h e p o s t u l a t e d complex. 

(See F i g u r e 6.7 on f o l l o w i n g p a g e ) . 
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t-but 4> / N 

t-but d> N / s 

N H N H N H N H 
\ / Pd Pd 
/ \ 

N H N H N H N H 
H H t-but- C c-4> 

y C-d> t-but-C N N N 
C 

Pd N t-but 

/ \ N \ \ 
N N 

H H t-but 

F i g u r e 6.7 
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A l . l T e c h n i q u e s : 

1.1.1 G e n e r a l 

B e f o r e use a l l s o l v e n t s were r i g o r o u s l y d e g a s s e d . 

R e a c t i o n s were c a r r i e d out i n two-necked f l a s k s o r s i n g l e 

S c h l e n k t u b e s . S o l u t i o n s were t r a n s f e r r e d e i t h e r by s y r i n g e 

a g a i n s t a c o u n t e r - c u r r e n t of n i t r o g e n o r via S c h l e n k c a p i l l a r y 

n e e d l e s and a p o s i t i v e n i t r o g e n p r e s s u r e . The m a n i p u l a t i o n 

of s o l i d a i r s e n s i t i v e m a t e r i a l s was c a r r i e d out i n a g l o v e bo 

1.1.2 N i t r o g e n Supply 

The n i t r o g e n s u p p l i e d t o t h e bench, the b o i l o f f 

from t h e department's l i q u i d n i t r o g e n p l a n t , was p a s s e d o v e r 

a h o t upper c a t a l y s t t o r e d u c e t h e c o n t e n t t o l e s s than 10 p.p 

The s u p p l y was bubbled through c o n c e n t r a t e d I-^SO^ and p a s s e d 

through two P 4 ° ^ 0 t o w e r s b e f o r e use a t the bench. A c o n s t a n t 

p r e s s u r e o f n i t r o g e n was m a i n t a i n e d i n t he s y s t e m by t he 

c o n n e c t i o n o f one o u t l e t t o a b u b b l e r c o n t a i n i n g heavy w h i t e 

o i l . 

1.1.3 G l o v e box 

The p u r i t y of t h e n i t r o g e n i n t h e g l o v e box was 

m a i n t a i n e d by c o n t i n u o u s r e c y c l e through a P^O^ column. The 

t r a n s f e r p o r t s were f l u s h e d w i t h t h i s n i t r o g e n . A c r y s t a l l i s ­

i n g d i s h c o n t a i n i n g f r e s h P^-^o w a s a l w a v s k e p t i n t he box, 

a g a i n t o keep t h e w a t e r c o n t e n t t o a minimum. A l l e x t e r n a l 

t u b i n g was o f P.V.C. o r g l a s s . The atmosphere was found t o 

be s u i t a b l e f o r m a n i p u l a t i o n s of t he complexes; however f o r 

l o n g term s t o r a g e t h e complexes were s t o r e d i n s e a l e d mini 

S c h l e n k t u b e s t o p r e v e n t slow d e c o m p o s i t i o n . 
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1.1.4 Vacuum L i n e 

A vacuum l i n e was f i t t e d w i t h two-way t a p s 

c o n n e c t e d t o t h e n i t r o g e n s u p p l y , a l l o w i n g a p p a r a t u s t o be 

a l t e r n a t i v e l y d e g a s s e d and f i l l e d w i t h n i t r o g e n , t h u s c r e a t i n g 

and m a i n t a i n i n g an i n e r t atmosphere. The l i n e was c o n n e c t e d 

t o a r o t a r y vacuum pump and was c a p a b l e of m a i n t a i n i n g a 

vacuum o f O.Olmm.Hg. 

1.1.5 Chromatography 

Column chromatography was employed t o p u r i f y some 

p r o d u c t s . The column was f i t t e d w i t h a j a c k e t t o a l l o w 

c o o l i n g and h a n d l i n g t h e more t h e r m a l l y u n s t a b l e p r o d u c t s . 

The column was d e g a s s e d by b u b b l i n g n i t r o g e n v i g o r o u s l y through 

the c o l u m n / s o l v e n t s l u r r y f o r s e v e r a l m i n u t e s . T r a n s f e r of 

s o l u t i o n s was c a r r i e d out by u s i n g S c h l e n k n e e d l e s , & con­

s t a n t p r e s s u r e of n i t r o g e n b e i n g used a t a l l t i m e s . 

A l . 2 I n s t r u m e n t a t i o n : 

1.2.1 Mass S p e c t r o s c o p y 

E l e c t r o n - i m p a c t mass s p e c t r a were o b t a i n e d on 

A . E . I . MS9 mass s p e c t r o m e t e r o p e r a t i n g a t 70eV w i t h an a c c e l e r ­

a t i n g p o t e n t i a l of 8kV., and a s o u r c e t e m p e r a t u r e o f 200°C. 

Samples were mounted on an i n e r t c e r a m i c and i n t r o d u c e d by 

d i r e c t i n s e r t i o n i n t o the i o n s o u r c e . E l e c t r o n - i m p a c t p o s i t i v e 

i o n , and n e g a t i v e i o n mass s p e c t r a , and c h e m i c a l i o n i s a t i o n 

mass s p e c t r a were o b t a i n e d on a VG 7070E mass s p e c t r o m e t e r . 

Samples were i n t r o d u c e d via g l a s s c a p i l l a r i e s , and t h e sample 

v o l a t i l i s e d by a v a r i a b l e - t e m p e r a t u r e probe t i p . A v a r i e t y 
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of s t a n d a r d s were used t o c a l i b r a t e t h e i n s t r u m e n t s , e.g. 

p e r f l u o r o k e r o s e n e . Ammonia and i s o - b u t a n e were u s e d as 

g a s e s f o r the n e g a t i v e i o n , and c h e m i c a l i o n i z a t i o n t e c h n i q u e s . 

Fast-Atom-Bombardment (F.A.B.) p o s i t i v e i o n mass s p e c t r a were 

o b t a i n e d on VG ZAB-1F mass s p e c t r o m e t e r a t PCMU H a r w e l l . A 

v a r i e t y o f m u l l i n g a g e n t s were used (e.g. g l y c e r o l ) . 

1.2.2 T h e r m a l A n a l y s i s 

T h e r m o - g r a v i m e t r i c a n a l y s i s t r a c e s were r e c o r d e d 

on S t a n t o n R e d c r o f t TG750 and 760 i n s t r u m e n t s . A i r - s e n s i t i v e 

s amples were put i n t o p l a t i n u m c r u c i b l e s i n the g l o v e box, 

and t h e n t r a n s f e r r e d t o t h e i n s t r u m e n t i n a n i t r o g e n f i l l e d 

b o t t l e . A s m a l l amount o f ex p o s u r e t o a i r o c c u r r e d d u r i n g 

t r a n s f e r e n c e o f t h e c r u c i b l e t o t h e i n s t r u m e n t ; hence t h e 

e r r o r o f 1-2% o f a p e r c e n t a g e w e i g h t l o s s , n o r m a l l y a s s o c i a t e d 

w i t h t h i s t e c h n i q u e was ex t e n d e d t o 3%. 

1.2.3 I n f r a - r e d S p e c t r o s c o p y 

I n f r a - r e d s p e c t r a i n t h e range 4000 cm ^ - 200 cm 

were r e c o r d e d on a P e r k i n - E l m e r 577 g r a t i n g s p e c t r o p h o t o m e t e r . 

N u j o l and h e x a c h l o r o b u t a d i e n e m u l l i n g a g e n t s were used, i n 

c o n j u n c t i o n w i t h c a e s i u m i o d i d e and p o t a s s i u m bromide p l a t e s . 

A s o l u t i o n c e l l w i t h p o t a s s i u m bromide p l a t e s and 0.1mm s p a c e r s 

was a l s o u s e d . 

1.2.4 N u c l e a r Magnetic Resonance S p e c t r o s c o p y 

A v a r i e t y o f s p e c t r o m e t e r s were u t i l i s e d , t h e 

n a t u r e and p r o p e r t i e s , p a r t i c u l a r l y s o l u b i l i t y of t h e complex 

d e t e r m i n i n g w h i c h i n s t r u m e n t was used. P r o t o n n.m.r, s p e c t r a 

were r e c o r d e d on a V a r i a n E.J/I. 360L s p e c t r o m e t e r . A B r u k e r 
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HX90E s p e c t r o m e t e r m o d i f i e d f o r F.T. o p e r a t i o n u s i n g a N i c o l e t 
1 19 

B.N.C. 12 computer was used f o r H n.m.r.. F n.m.r. and 
13 

C n.m.r. A B r u k e r WH300 s p e c t r o m e t e r a t the U n i v e r s i t y of 
1 13 

Ne w c a s t l e upon Tyne was used t o r e c o r d H and C s p e c t r a , and 
13 

C s p e c t r a were a l s o r e c o r d e d on a B r u k e r WH360 s p e c t r o m e t e r 

a t t h e U n i v e r s i t y o f E d i n b u r g h . A v a r i e t y of s o l v e n t s were 

used and ( C H ^ ) ^ S i was employed as an i n t e r n a l r e f e r e n c e . 
1.2.5 Raman S p e c t r o s c o p y 

Attempts t o r e c o r d t h e s p e c t r a of the complexes 

u s i n g a C a r y 82, 180° geometry l a s e r Raman s p e c t r o m e t e r u t i l i s 

i n g a S p e c t r a p h y s i c s 164 argon i o n l a s e r f a i l e d b e c a u s e o f 

f l u o r e s c e n c e / d e c o m p o s i t i o n problems. 

1.2.6 M e l t i n g P o i n t s 

T h e s e were d e t e r m i n e d u s i n g a Gallenkamp c a p i l l a r y 

m e l t i n g p o i n t i n s t r u m e n t . 

1.2.7 G e l P e r m e a t i o n Chromatography 

A P e r k i n - E l m e r 601 g e l - p e r m e a t i o n chromatograph 

was used w i t h a Knaur d i f f e r e n t i a l d i f f T a c t o m e t e r . T h r e e 

columns were used i n the s e r i e s , t h e pore s i z e d e c r e a s i n g 

10"* —*• 10"^ — > 500$. P o l y s t y r e n e g e l columns and 

sample r a n as a 0.5% polymer s o l u t i o n i n T.H.F. p l u s 2 , 6 , t r i -

t - b u t y l - p h e n o l ( p e r o x i d e i n h i b i t o r ) . 
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1.2.8 E . S . C. A. 

(S.A. Johnson, U n i v e r s i t y of Durham); the 

samples were p l a c e d on d o u b l e - s i d e d s c o t c h tape and an 

A . E . I . ES 200B E l e c t r o n S p e c t r o m e t e r used t o o b t a i n t h e 

d a t a . 

1.2.9 G.C./M.S. 

T h i s was c a r r i e d out on a VG Micromass 12 

i n s t r u m e n t , c o u p l e d t o a P e r k i n - E l m e r 104 gas chromato-

graph. 

A1.3 A n a l y s i s : 

1.3.1 Carbon, Hydrogen and N i t r o g e n 

These were o b t a i n e d u s i n g a P e r k i n Elmer 240 

E l e m e n t a l A n a l y s e r . I n some c a s e s i n c o m p l e t e combustion 

was n o t e d , a problem w h i c h was p a r t l y s o l v e d by the a d d i t i o n 

of vanadium p e n t o x i d e t o the sample b e f o r e combustion. 

1.3.2 Halogens 

C h l o r i n e was d e t e r m i n e d u s i n g the c o n v e n t i o n a l 

method of oxygen f l a s k combustion f o l l o w e d by p o t e n t i o m e t r i c 

t i t r a t i o n o f t h e h a l o g e n i o n . F l u o r i n e was d e t e r m i n e d by 
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f u s i o n w i t h p o t a s s i u m f o l l o w e d by t i t r a t i o n w i t h sodium 

h y d r o x i d e . 

1.3.3 M e t a l s 

M e t a l a n a l y s i s was u n d e r t a k e n u s i n g a P e r k i n - E l m e r 

403 A.A. s p e c t r o m e t e r . Problems w i t h r e l i a b i l i t y were found 

b e c a u s e of c l o u d y p r e c i p i t a t e s formed even i n a q u a - r e g i a 

s o l u t i o n s . I n many c a s e s m e t a l c o n t e n t was t a k e n as t h e 

r e s i d u e from t h e r m a l a n a l y s i s of t h e sample. The r e s i d u e s 

were proven t o be p l a t i n u m o r p a l l a d i u m m e t a l by a t o m i c ab­

s o r p t i o n s p e c t r o m e t r y . 

A1.4 P r e p a r a t i o n and P u r i f i c a t i o n of S t a r t i n g M a t e r i a l s : 

1.4.1 Hydrocarbons and d i e t h y l E t h e r were d r i e d o v e r 

f r e s h l y e x t r u d e d sodium w i r e . Monoglyme and T.H.F. were d r i e d 

by r e f l u x i n g f o r 48 h o u r s o v e r p o t a s s i u m , t h e n d i s t i l l a t i o n 

under n i t r o g e n and s t o r a g e o v e r f r e s h l y e x t r u d e d sodium w i r e . 

D i c h l o r o m e t h a n e and c h l o r o f o r m were d i s t i l l e d under n i t r o g e n 

and s t o r e d o v e r a c t i v a t e d 3A m o l e c u l a r s i e v e . B e n z o n i t r i l e 

was d i s t i l l e d under r e d u c e d p r e s s u r e , the f r a c t i o n of b.p. 

>161°C b e i n g c o l l e c t e d o v e r 3A m o l e c u l a r s i e v e . 

1.4.2 P r e p a r a t i o n of p l a t i n um and p a l l a d i u m b i s -
b e n z o n i t r i l e d i c h l o r i d e s 

A t y p i c a l p r e p a r a t i o n was c a r r i e d out as f o l l o w s , 

and was b a s e d on t h e method g i v e n by Marr . B e n z o n i t r i l e 

(15 ml.) and p a l l a d i u m c h l o r i d e (0.4 g.) were p l a c e d i n a 

d o u b l e - n e c k e d f l a s k f i t t e d w i t h a w a t e r c o n d e n s e r . The 

s o l u t i o n was warmed t o 100°C f o r s e v e r a l h ours u n t i l a l l the 
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p a l l a d i u m c h l o r i d e d i s s o l v e d . Extreme c a r e was used to p r e ­

v e n t t h e s o l u t i o n t e m p e r a t u r e becoming ? 100°C as d e c o m p o s i t i o n 

th e n o c c u r s . W h i l s t s t i l l h o t t he s o l u t i o n was f i l t e r e d i n t o 

a second f l a s k c o n t a i n i n g 30/40 p e t r o l e u m e t h e r (100 m l . ) . 

The p r o d u c t P d ( P h C N ) 2 C l 2 p r e c i p i t a t e d i m m e d i a t e l y , and was 

s e p a r a t e d by f i l t r a t i o n , washed w i t h hexane (3 x 20 ml.) and 

t h e n d r i e d in vacuo. The r e m a i n i n g l i q u o r was c o n c e n t r a t e d 

by warming under vacuo. More 30/40 p e t r o l e u m e t h e r (40 ml.) 

was added and the s o l u t i o n c o o l e d (-16°C)to y i e l d more p r o d u c t . 

T h i s p r o c e s s was r e p e a t e d u n t i l no more p r o d u c t c o u l d be ob­

t a i n e d . Y i e l d 95-98%. 

T y p i c a l a n a l y s i s 

found %C 
P d ( P h C N ) 2

C 1 2 : 

r e q u i r e s %C 

found %C 
P t ( P h C N ) 0 C 1 0 : 

1.4.3 P r e p a r a t i o n of anhydrous n i c k e l c h l o r i d e 
(0.3 1,2-Dimethoxyethane) 

A f l a s k was f i t t e d w i t h a r e f l u x c o n d e n s e r and 

purged w i t h n i t r o g e n . Powdered n i c k e l c h l o r i d e h y d r a t e 

(21.66g.,131 mmol) , dry monoglyme (65.5 ml.) and p e r o x i d e f r e e 

t r i e t h y l o r t h o f o r m a t e (47.8 ml.) were r e f l u x e d f o r two h o u r s . 

On c o o l i n g t h e y e l l o w , g r a n u l a r p r o d u c t N i C l 2 0.3 C
4

H
1 0

0 2 w a s 

removed by f i l t r a t i o n , washed w i t h monoglyme and pentane and 

d r i e d in vacuo. 

found %Ni = 34.55, C I , = 45.24, C = 8.88, H=1.9 
N i C l 2 0 . 3 C 4 H 1 0 0 2 

r e q u i r e s %Ni = 37.49, C l 2 = 45.27, C = 9.20, H=1.9 

43.89, N = 7.06, H = 2.61 

43.85, N = 7.30, H = 2.61. 

36.29, N = 5.22, H = 1.72 
35.61, N = 5.93, H = 2.18. 
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1.4.4 Amldines 

D i p h e n y l a c e t a m i d i n e was o b t a i n e d from Eastman 

Kodak O r g a n i c C h e m i c a l s and use d w i t h o u t f u r t h e r p u r i f i c a t i o n , 

o t h e r a m i d i n e s were p r e p a r e d u s i n g v a r i a t i o n s of l i t e r a t u r e 

methods ( 2 , 7 ) . F o r example: 

1.4.4.1 P r e p a r a t i o n o f N , N ^ d i - p - i s o p r o p y l p h e n y l b e n z a m i d i n e 

N - i s o - p r o p y l b e n z a m i d e (111.07g., 0.465 mmol) i n 

t o l u e n e (1000 ml.) was c a u t i o u s l y added to p h o s p h o r u s p e n t a -

c h l o r i d e (136.57g, 0.655 ml.) i n a f l a s k f i t t e d w i t h a w a t e r 

c o n d e n s e r . A f t e r h e a t i n g f o r 1 h r . i s o - p r o p y l a n i l i n e 

(63.56 ml. 0.465 mol) i n t o l u e n e (250 ml.) was added. R e f l u x 

was c o n t i n u e d f o r a f u r t h e r f o u r h o u r s . The s o l u t i o n was 

c o o l e d i n an i c e b a t h and then f i l t e r e d . The r e s u l t a n t p a l e 

y e l l o w s o l i d a f t e r w a s h i n g w i t h c o l d t o l u e n e and hexane, was 

d i s s o l v e d i n t h e minimum q u a n t i t y o f h o t d i e t h y l amine (^300 ml. 

and f i l t e r e d i n t o a l a r g e e x c e s s of c o l d d i s t i l l e d w a t e r (ca. 

3,500 m i s . ) . A f t e r t h e s o l u t i o n was s t i r r e d o v e r n i g h t , the 

p r e c i p i t a t e was s e p a r a t e d by f i l t r a t i o n , washed w i t h d i s t i l l e d 

w a t e r and r e c r y s t a l l i s e d from e t h a n o l / w a t e r . I v o r y c r y s t a l s 

were i s o l a t e d . Y i e l d = 24%. 

. . found % C=84.56, N=7.36, H=8.82 
P r C f iH 4N(H)C(Ph)NC f iH.Pr 

r e q u i r e s % C=84.28, N=7.86, H=7.86. 

1.4.4.2 P r e p a r a t i o n o f N , N ^ d i - p - t o l y l b e n z a m i d i n e 

Phosphorus p e n t a c h l o r i d e (168.29g., 0.808 m o l ) , and 

a s l u r r y of N - p - t o l y l b e n z a m i d e (158.25g., 0.75 mol) i n t o l u e n e 

(1,500 ml.) were c a u t i o u s l y mixed as d e s c r i b e d i n S e c t i o n 

A.1.4.4.1. A f t e r h e a t i n g t o r e f l u x f o r 1 h r . , p - t o l u i d i n e 
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(8.37 g., 0.75 mole) i n t o l u e n e (800 mis.) was c a r e f u l l y added 

and t h e r e s u l t a n t b r i g h t y e l l o w s o l u t i o n was r e f l u x e d f o r a 

f u r t h e r f o u r h o u r s . The y e l l o w p r e c i p i t a t e o b t a i n e d on 

c o o l i n g was s e p a r a t e d by f i l t r a t i o n , washed w i t h t o l u e n e and 

hexane, and d i s s o l v e d i n t h e minimum amount of hot d i e t h y l a m i n e . 

On p o u r i n g i n t o c o l d d i s t i l l e d w a t e r , the p r o d u c t p r e c i p i t a t e d . 

R e c r y s t a l l i s a t i o n was a c h i e v e d u s i n g e t h a n o l / w a t e r m i x t u r e a t 

-16°C. Y i e l d = 23%. 

found % C=84.05, N=8.11, H=7.60 
p-CH^-C f iH.N(H)C(Ph)NC,H.-CH -p 

J r e q u i r e s % C=84.01, N=9.33, H=6.66. 

1.4.4.3 P r e p a r a t i o n o f N, N "*di-p-f luoropheny l b e n z a m i d i n e 

R e a c t i o n p r o c e d u r e was s i m i l a r t o t h a t found i n 1.4.4.1. 

Phosphorus p e n t a c h l o r i d e (156.38g., 0.75 m o l e ) , a s l u r r y o f N-p-

f l u o r o p h e n y l b e n z a m i d e (133.07 g., 0.6189 mole) i n t o l u e n e 

(1000 m l . ) , and p - f l u o r o a n i l i n e (58.65 ml. 0.6189 mole) i n 

t o l u e n e (200 ml.) were used. White c r y s t a l s were i s o l a t e d 

from t h e e t h a n o l w a t e r m i x t u r e . Y i e l d = 34%. 

found % C=73.85, N=8.54, H=5.71, 
p-F-C.H.-N(H)C(Ph)N-C,H.-F-p F=12.1 

r e q u i r e s % C=74.04, N=9.09, H=4.54, 
F=12.3 

1.4.4.4 P r e p a r a t i o n of N ,N'"dimethylbenzamidine 

N-methyl-p-toluenesulphonamide (21.9 g., 118.25 mmol), 

and b e n z o i c a c i d (7.21 g., 59 mmol) were h e a t e d t o ^235°C but 

once t h e r e a c t i o n was under way t h i s was c e a s e d . The r e a c t i o n 

t e m p e r a t u r e r o s e t o o v e r 280°C and then dropped t o 235°C. 

T h i s t e m p e r a t u r e was m a i n t a i n e d f o r ca. 15 m i n u t e s , and t h e 

r e a c t i o n m i x t u r e was then c o o l e d t o ^80°C w i t h s t i r r i n g . 
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D i s t i l l e d w a t e r (""100 ml.) was added t o d i s s o l v e t h e raw 

b l a c k p r o d u c t m i x t u r e . On c o o l i n g t o room t e m p e r a t u r e t h e 

s o l u t i o n was made s t r o n g l y a l k a l i n e and t he p r o d u c t e x t r a c t e d 

w i t h c h l o r o f o r m . Removal of the s o l v e n t by r o t a r y e v a p o r a t i o n 

y i e l d e d a r e s i d u a l l i q u i d which was d i s t i l l e d under vacuo t o 

y i e l d t h e w h i t e p r o d u c t , on c o o l i n g t o room t e m p e r a t u r e . 

Y i e l d = ^30%. ( T h i s v a r i e d d r a m a t i c a l l y from one p r e p a r a t i o n 

t o a n o t h e r , i n one c a s e no p r o d u c t was i s o l a t e d ) . 

found % C=72.40, N - 18.34, H = 8.67. 
CH 3=N(H)C(Ph)N-CH 3 

r e q u i r e s % C=72.99, N = 18.91, H = 8.1. 

The l i g a n d was u n s t a b l e a t room t e m p e r a t u r e and h y d r o l y s e d 

r a p i d l y . 

A l . 5 O t h e r r e a g e n t s 

U n l e s s s p e c i f i e d i n t h e t e x t a l l o t h e r c h e m i c a l s were 

use d as s u p p l i e d by t h e m a n u f a c t u r e r w i t h o u t f u r t h e r p u r i f i c ­

a t i o n . 
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B.1 E x p e r i m e n t a l 

A m i x t u r e o f P t ( D P B A ) 2 w i t h l - m e t h y l - i m i d a z o l i n e - 2 -

t h i o n e ( 0 . 0 5 7 . 0 5 g . ; 0.5 mmol) ( F i g u r e B . l ) , i n T.H.F. (50 m l . ) , 

was r e f l u x e d f o r 1 h o u r y i e l d i n g a g r e e n s o l u t i o n . 

CH — CH 

H — N ^ ^ N — CH 3 ( F i g u r e B . l ) 

C ^ 
II 
s 

The s o l u t i o n was r e d u c e d i n v o l u m e in vacuo and c o o l e d t o 

-16°C f o r s e v e r a l h o u r s . The r e s u l t a n t p r o d u c t was a g r e e n 

gum w h i c h p r o v e d i n t r a c t a b l e . A f t e r w a s h i n g w i t h p e n t a n e 

(20 m l . ) , t h e gum was d i s s o l v e d i n d i c h l o r o m e t h a n e ( 2 0 m l . ) . 

Removal o f t h e d i c h l o r o m e t h a n e in vacuo w h i l s t w a r m i n g t h e 

v e s s e l , r e s u l t e d i n t h e f o r m a t i o n o f a c l e a r f i l m on t h e s i d e s 

o f t h e fichlenk t u b e . Removal o f t h e s o l v e n t was c a r r i e d on 

t o d r y n e s s , and t h e £chlenk t u b e r o t a t e d t o b u i l d up t h e f i l m 

on t h e s i d e s . The v e s s e l was warmed t h r o u g h o u t t h e d r y i n g 

o p e r a t i o n . When d r y t h e f i l m s e p a r a t e d f r o m t h e s i d e s o f 

t h e v e s s e l , and was e a s i l y removed u s i n g t w e e z e r s . A t t e m p t s 

t o p u r i f y t h e i n t r a c t a b l e gum w h i c h r e m a i n e d w i t h a v a r i e t y 

o f s o l v e n t s f a i l e d , as d i d a t t e m p t s t o p r o d u c e more f i l m 

f r o m t h e a d d i t i o n o f d i c h l o r o m e t h a n e . A number o f r e a c t i o n s 

w e r e c a r r i e d o u t t o see i f f i l m f o r m a t i o n o c c u r r e d w i t h o u t 

one o f t h e r e a c t a n t s b e i n g p r e s e n t . None w e r e s u c c e s s f u l . 

B.2 E l e m e n t a l A n a l y s i s o f t h e f i l m 

Found ( % ) : C=41.11; H=6.39; C l = 5 0 . 1 . 

By t h e use o f m o l a r - r a t i o c a l c u l a t i o n s , t h e e m p i r i c a l 
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f o r m u l a t i o n o f t h e p o l y m e r i n 34^9 o 4 C 1 2 ' Hence, t h e 

b u l k f o r m u l a t i o n o f t h e p o l y m e r i s a p p r o x i m a t e l y C^HgCl^. 

The a n a l y t i c a l t o t a l i n d i c a t e s a mass d e f i c i e n c y o f 2.4%. 

[ C 5 H g C l 2 ] n r e q u i r e s (%) C = 43.22; H = 5.76; C l = 51.02. 

B • ^ Mass S p e c t r o s c o p y 

I t was n e c e s s a r y t o h e a t t h e sample t o o b t a i n mass 

s p e c t r a , hence t h e f r a g m e n t s o b s e r v e d may be p y r o l y s i s 

b r e a k d o w n p r o d u c t s o f t h e p o l y m e r . 

B.3.1 P o s i t i v e i o n - e l e c t r o n - i m p a c t mass s p e c t r u m 

The s p e c t r u m was d o m i n a t e d by t h r e e peak c l u s t e r s 

w h i c h w e r e s e p a r a t e d b y 14 mass u n i t s i n each c a s e . These 

u n i t s make up t h e "-CH2 b a c k b o n e " o f t h e p o l y m e r ( T a b l e B . l ) . 

TABLE B . l "'r+CHj b a c k b o n e " mass s p e c t r a l p eaks p o s i t i v e i o n 

m/e A s s i g n m e n t o f I o n s % I n t e n s i t y 

4 1 C 3 H 5 63 
42 C 3 H 6 18 
43 C 3 H 7 100 
55 C 4 H 7 56 
56 C 4 H 8 22 
57 C 4 H 9 92 
69 C 5 H 9 36 
70 C 5 H 1 0 
71 C 5 H 1 1 49 
83 C 6 H 1 1 25 
84 C 6 H 1 2 13 
85 C 6 H 1 3 30 ! 
97 C 7 H 1 3 20 ! 
98 C 7 H 1 4 12 1 

99 C 7 H 1 5 10 
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H i g h e r peaks w e r e n o t e d a t m/e 129 [ 2 2 % ] , m/e 180 [ 2 9 % ] 

and m/e 284 [ 1 2 % ] . These h i g h e r p eaks may s i m p l y be 

p y r o l y s i s p r o d u c t s . 

TABLE B.2 "CH- b a c k b o n e " mass s p e c t r a l p e a k s - negative i o n 

A s s i g n m e n t o f I o n s m/e % I n t e n s i t y 

C 1 1 H 1 6 148 51 
C 1 4 H 2 5 193 100 
C H 225 38 
17 2 1 225 38 

C 1 8 H 3 0 246 56 
C 2 2 H 3 3 297 9 1 
C 2 8 H 4 5 381 42 
C 3 3 H 5 6 452 87 

B.4 I n f r a - r e d S p e c t r u m (as f i l m ) 

3 4 00(v.w. b r . ) , 2990 ( s . s h ) , 2850 ( v . s . ) , 2300 ( s ) , 

1724 ( s ) , 1585 ( v . s . ) , 1510 ( v . s h . ) , 1440 ( v . s . s h . ) , 

1430 ( v . s . ) , 1380 ( w . ) , 1330 ( m . ) , 1260 ( v . s . b r . ) , 1200 ( w . ) , 

1130 ( w . ) f 1110 ( m . ) , 1070 ( m . ) , 970 ( s . ) , 845 ( m . ) , 750 ( w . ) , 

700 ( s . b r . ) , 640 ( v . s . b r . ) , 630 ( v . s . b r . ) , 410 ( w . ) , 370 (m.) 
- 1 

cm 

B.5 M o l e c u l a r W e i g h t , b y G e l - P e r m e a t i o n C h r o m a t o g r a p h y 

M = 1101 M = 1351 n w 

B.6 1 H N.M.R. 

CgDg 5.6 p.p.m. s i n g l e t , 
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B. 7 T h e r m a l A n a l y s i s 

T h r e e p l a t e a u x w e r e n o t e d i n t h e t h e r m o g r a m . 

TABLE B.3 T h e r m a l A n a l y s i s D a t a 

T e m p e r a t u r e Range °C 
...... , 

% w t . l o s s 

0 -- 400 64 

400 -- 504 75 

500 -- 777 98 

B.8 E.S.C.A. D a t a (S.A. J o h n s o n , The U n i v e r s i t y o f Durham) 

The w i d e s c a n s p e c t r u m i n d i c a t e d t h e p r e s e n c e o f c a r b o n , 

c h l o r i n e , s i l i c o n , and o x y g e n i n / o n t h e p o l y m e r s u r f a c e . 

Some o f t h e s e a r e a t t r i b u t a b l e t o s i l i c o n g r e a s e and vacuum 

pump o i l ( p o l y - p h e n y l e t h e r ) , p r e s e n t as i m p u r i t i e s on t h e 

sa m p l e . The sample l o s e s c h l o r i n e u n d e r X - r a y e x p o s u r e , a 

b e h a v i o u r a n a l o g o u s t o t h a t o f P.V.C.; and b u i l d s up l a y e r s 

o f h y d r o c a r b o n . The s t o i c h i o m e t r y o f t h e sample o f t h e 

p o l y m e r was d e t e r m i n e d f r o m t h e i n t e n s i t y and s e n s i t i v i t y 

r a t i o s . F o r a u n i t o f 24 c a r b o n s t h e f o l l o w i n g s t o i c h i o m e t r y 

was f o u n d : 

c 2 5 c i 5 o 5 s i 3 

A s s u m i n g t h e g r e a s e t o be ( J V ^ S i O ^ t h e n a s s o c i a t e d w i t h t h e 

3 s i l i c o n atoms t h e r e a r e 6 c a r b o n atoms and 3 oxyg e n atoms. 

Thus, t h e p o l y m e r c o n t a i n s atoms i n t h e a p p r o x i m a t e r a t i o 
C l 8 : C ^ 5 : ° 2 ' E.S.C.A. i s a s u r f a c e t e c h n i q u e , and does n o t 

i n v o l v e s t u d y o f t h e b u l k s t o i c h i o m e t r y , and i t s a p p l i c a t i o n 
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i s a f f e c t e d b y t h e p r e s e n c e o f vacuum pump o i l , o t h e r s u r f a c e 

c o n t a m i n a n t s a nd d e g r a d a t i o n o f t h e p o l y m e r u n d e r t h e X--ray 

beam. The f o r m u l a t i o n g i v e n i s f o r t h e s u r f a c e o f t h e 

p o l y m e r , and n o t t h e b u l k . The b i n d i n g e n e r g i e s s u g g e s t e d 

t h e p r e s e n c e o f t h e f o l l o w i n g g r o u p s , C-0, C-Cl, and s m a l l 

amounts o f CC^/ t h o u g h t h e peak a t 288.2eV c o u l d n o t be 

c o n f i d e n t l y a t t r i b u t e d t o CC1 ? r a t h e r t h a n C=0. I n t e r e s t i n g l y 

t h e a b s o l u t e b i n d i n g e n e r g y o f t h e 2p^/2 s t a t e o f C12p s p e c t r u m 

i s v e r y s i m i l a r t o t h a t o f P.V.C. The p r e s e n c e o f e i t h e r 

e t h e r o r h y d r o x y l l i n k a g e s i n t h e c h a i n w o u l d l e a d t o d i f f e r e n t 

numbers o f C-0 l i n k s . F o r e x a m p l e , i n a u n i t o f 24 c a r b o n 

atoms t h e r e w o u l d be f o u r C-0 l i n k a g e s p r e s e n t i f t h e C-0 

was p r e s e n t as an e t h e r , and t w o i f i t was an h y d r o x y l . 

By e s t i m a t i n g t h e a r e a r a t i o e x p e c t e d f o r t h e 285.OeV 

( e x t r a n e o u s h y d r o c a r b o n ) and 286.6eV peaks f o r each case 

and t h e n c o m p a r i n g t h e r e s u l t s w i t h t h a t f o u n d e x p e r i m e n t a l l y , 

a h y d r o x y l l i n k a g e was de d u c e d . However, t h e v a l e n c e band 

s p e c t r u m was f o u n d t o be s i m i l a r t o t h a t o f p o l y ( e p i c h l o r o -

h y d r i n ) , w h i c h c o n t a i n s e t h e r l i n k a g e s . E.S.C.A. s t u d i e s 

o f P.V.C."'" show t h a t X - r a y d e g r a d a t i o n t a k e s p l a c e by l o s s 

o f c h l o r i n e as h y d r o g e n c h l o r i d e , and s i n c e l o s s o f c h l o r i n e 

f r o m t h e p o l y m e r i s r e l a t i v e l y r a p i d when compared w i t h P.V.C., 

i t s u g g e s t s t h a t some o f t h e c h l o r i n e atoms a r e i n a B 

p o s i t i o n w i t h r e s p e c t t o t h e oxygen a t o m s , v i a . 

H C I 
I I I 

- 0 - C - C - ( F i g u r e B.2) 
I I 

i n w h i c h t h e h y d r o g e n i s more a c i d i c t h a n t h o s e i n P.V.C. 

and c o n s e q u e n t l y t h e l o s s o f h y d r o g e n c h l o r i d e i s more f a c i l e . 
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D i s c u s s i o n 

The p o l y m e r has a b u l k f o r m u l a t i o n o f [ C ^ H g C ^ ^ b a s e d 

on e l e m e n t a l a n a l y s i s , and g e l - p e r m e a t i o n c h r o m a t o g r a p h y 

m e a s u r e m e n t s i n d i c a t e an o l i g o m e r r a t h e r t h a n a p o l y m e r . 

Mass s p e c t r a l d a t a i n d i c a t e s a l o n g h y d r o c a r b o n b a c k b o n e , t h e 

l a c k o f C I c o n t a i n i n g peaks b e i n g a t t r i b u t a b l e t o t h e l a b i l i t y 

o f t h e c h l o r i n e s u n d e r t h e t h e r m a l and e l e c t r o n - i m p a c t c o n ­

d i t i o n s f o u n d i n t h e s p e c t r o m e t e r . The p o l y m e r b r e a k s down 

i n t h e p o s i t i v e i o n mass s p e c t r u m by s t e p l o s s o f m/e 14, 

a t t r i b u t a b l e t o -CF^ - u n i t s . The t h e r m o g r a m i n d i c a t e s t h e 

p o l y m e r has a s l i g h t l y h i g h e r t h e r m a l s t a b i l i t y t h a n p o l y -
2 

p r o p y l e n e , p o l y e t h y l e n e and P.V.C., b u t l e s s t h a n P.T.F.E., 

and t h e f i r s t % w t . l o s s ( 6 4 % ) i s h i g h e r t h a n w o u l d be e x ­

p e c t e d t h e r o e t i c a l l y f o r t o t a l h y d r o g e n c h l o r i d e l o s s f r o m 

t h e p o l y m e r ( 5 2 % ) i n d i c a t i n g b a c k b o n e d e g r a d a t i o n i s a l s o 

o c c u r r i n g . The i n f r a - r e d s p e c t r u m shows a number o f bonds 
3 - 1 

w h i c h may be a s s i g n e d ; cm : 2925 CH 2 a s y m . s t r . , 2850 Cti^ 

sym. s t r . , 1585 C-C-C s t r . , 1430 C H d e f , 1260 CH 2 wag., 

970 CH 2 wag o l e f i n i c , 650 C-Cl s t r . A s s i g n m e n t o f t h e 

a b s o r p t i o n a t 650 cm ^ t o v ( C - C l ) s u g g e s t s t h a t t h e r e i s a 

h y d r o g e n atom t r a n s t o t h e c h l o r i n e , viz. 

C I C 
^ C ^ ^ C ^ [ ( F i g u r e B.3) 

H 

The p r o t o n n.m.r. was d i s a p p o i n t i n g p o s s i b l y due t o t h e s m a l l 

s a m p l e s i z e , t h e s i n g l e t a t 65.6 p o s s i b l y b e i n g a t t r i b u t a b l e 

t o t h e -CH^- g r o u p s o f t h e p o l y m e r . The d a t a as a w h o l e 
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i n d i c a t e s a l o n g [ C H
n J n = l o r 2 o l i g o m e r c o n t a i n i n g -CH-C1 

and p o s s i b l y - C C ^ - l i n k a g e s . The E.S.C.A. s u r f a c e and 

t h e c h e m i c a l b u l k a n a l y s i s do n o t a g r e e on t h e s t o i c h i o m e t r y 

o f t h e compound, b u t t h i s i s h a r d l y s u r p r i s i n g c o n s i d e r i n g 

t h e d e g r a d a t i o n w h i c h i t u n d e r g o e s w i t h X - r a y s . E.S.C.A. 

i n d i c a t e d t h e p r e s e n c e o f C-0 l i n k a g e s i n e i t h e r h y d r o x y l o r 

e t h e r f o r m as b e i n g p r e s e n t on t h e p o l y m e r s u r f a c e , and i t 

i d e n t i f i e d t h e f r a g m e n t shown i n F i g u r e B . l , w h i c h i s p o s s i b l y 

p r e s e n t on t h e s u r f a c e . However s u r f a c e w o r k o f any k i n d 

i s p r o n e t o p r o b l e m s , b e c a u s e o f c o n t a m i n a t i o n o f t h e s u r f a c e 

b e i n g s t u d i e d . The b u l k a n a l y s i s i n d i c a t e s t h a t i f o x y g e n 

g r o u p s a r e p r e s e n t t h e n i t w o u l d o n l y be as a s m a l l amount, 

2.4%. T h u s , t h e o x y g e n c o n t a i n i n g s p e c i e s i n d i c a t e d by 

E.S.C.A. may i n d e e d be i n t h e p o l y m e r i n s m a l l amounts, o r 

i t may s i m p l y be s u r f a c e c o n t a m i n a t i o n . The p o l y m e r has a 

number o f p r o p e r t i e s s i m i l a r t o P.V.C., e.g. l o s s o f HC1 on 

t h e r m a l o r X - r a y d e g r a d a t i o n , and hence may be r e g a r d e d as 

h a v i n g a s i m i l a r s t r u c t u r e t o P.V.C., b u t w i t h a r e d u c e d C I 

c o n t e n t . The p o l y m e r i s f o r m e d p o s s i b l y f r o m t h e r e a c t i o n 

o f T.H.F., and d i c h l o r o m e t h a n e , p r e s u m a b l y p r o m o t e d by t h e 

p l a t i n u m - a m i d i n e - i m i d a z o l i n e - 2 - t h i o n e c a t a l y s t . A n a l y t i c a l 

d a t a a p p r o x i m a t e s t o a f o r m u l a t i o n C^HgCl^ w h i c h may r e p r e s e n t 

a r e a c t i o n o f one mole o f T.H.F. w i t h one mole o f CYi^Zl^ • 

E l i m i n a t i o n o f w a t e r w o u l d be n e c e s s a r y f o r s u c h a r e a c t i o n 

and may be t h e s o u r c e o f o x y g e n d e t e c t e d i n t h e p r o d u c t by 

E.S.C.A. s p e c t r o s c o p y . 

R e p r o d u c i b i l i t y was a p r o b l e m . A number o f f a c t o r s 

w e r e f o u n d t o be i m p o r t a n t i n d e t e r m i n i n g i f p o l y m e r f o r m a t i o n 

o c c u r r e d : t h e r e f l u x t i m e , t h e m o l a r - r a t i o o f t h e c a t a l y s t 
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c o n s t i t u e n t s , t h e d r y i n g o f t h e p o l y m e r by w a r m i n g , and t h e 

p u r i t y o f t h e s t a r t i n g m a t e r i a l s . 

The c a t a l y s t i t s e l f was an i n t r a c t a b l e gum, and c o u l d 

n o t be i d e n t i f i e d . The p o s i t i v e and n e g a t i v e i o n e l e c t r o n -

i m p a c t mass s p e c t r a i n d i c a t e d t h e p r e s e n c e o f 1 - m e t h y l -

i m i d a z o l i n e - 2 - t h i o n e , p l a t i n u m and a m i d i n e by d e t e c t i o n o f 

t h e s p e c i e s [ C 4 N 2 H 5 S ] + m/e 113, [ C 4 N 2 H 7 S ] + m/e 115, [ P t ] + 

m/e 195 and [ D P B A ] + m/e 2 7 1 . The c o l o u r and g e n e r a l p r o ­

p e r t i e s o f t h e m a t e r i a l i n d i c a t e d a c o m p l e x c o n t a i n i n g b o t h 

t h i o n e and a m i d i n o g r o u p s . P l a t i n u m and a m i d i n e c o m p l e x e s 

a r e known t o a c t as c a t a l y s t s i n a r a n g e o f r e a c t i o n s b u t i t has 

n o t b een p o s s i b l e t o i d e n t i f y t h e a c t i v e i n g r e d i e n t i n t h i s 

s y s t e m . 
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" S y n t h e s e s w i t h D i l i t h i a t e d V i c i n a l D i e s t e r s and 

C a r b o x i m i d e s " . 

31 May Dr. A. Haala n d ( U n i v e r s i t y o f O s l o ) , " E l e c t r o n 

D i f f r a c t i o n S t u d i e s o f some O r g a n o m e t a l l i c Compounds' 

11 June Dr. G.B. S t r e e t (I.B.M. San J o s e ) , "Conducting 

Polymers d e r i v e d from P y r r o l e s " . 

2. DURHAM UNIVERSITY CHEMICAL SOCIETY LECTURES 
1981 

22 October Dr. P . J . C o r i s h ( D u n l o p ) : "What would l i f e be 

l i k e w i t h o u t r u b b e r " . 

29 O c t o b e r M i s s J.M. Cronyn (Durham): " C h e m i s t r y i n 

A r c h a e o l o g y " . 

12 November P r o f . A . I . S c o t t ( E d i n b u r g h ) : "An o r g a n i c 

c h e m i s t ' s v i e w o f l i f e through t h e n.m.r. tube". 

19 November P r o f . B.L. Shaw ( L e e d s ) : " B i g r i n g s and m e t a l -

c a r b o n bond f o r m a t i o n " . 

3 December Dr. W.O. Ord (Northumbria Water A u t h o r i t y ) : "The 

r o l e o f t h e s c i e n t i s t i n a r e g i o n a l w a t e r a u t h o r i t y 

1982 

2 8 J a n u a r y P r o f . I . F e l l s ( U n i v e r s i t y of N e w c a s t l e upon T y n e ) , 

" B a l a n c i n g t h e Energy E q u a t i o n s " . 
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11 F e b r u a r y 

18 F e b r u a r y 

* 25 F e b r u a r y 

* 4 March 

* 14 October 

* 28 Oct o b e r 

* 4 November 

11 November 

25 November 

1983 

27 J a n u a r y 

3 F e b r u a r y 

10 F e b r u a r y 

17 F e b r u a r y 

Dr. D.W. T u r n e r ( U n i v e r s i t y of O x f o r d ) , "Photo-

e l e c t r o n s i n a S t r o n g Magnetic F i e l d " . 

P r o f . R.K. H a r r i s ( U n i v e r s i t y of E a s t A n g l i a ) , 

"N.m.r. i n t h e 1980s". 

P r o f . R.O.C. Norman, F.R.S. ( U n i v e r s i t y of Y o r k ) , 

" T u r n i n g P o i n t s and C h a l l e n g e s f o r t h e O r g a n i c 

C h e m i s t " . 

Dr. R. Whyman ( I . C . I . L t d . , R u n c o r n ) , "Making 

M e t a l C l u s t e r s Work". 

Mr. F. Shenton (County A n a l y s t , Durham), "There 

i s d e a t h i n t h e p o t " . 

P r o f . M.F. L a p p e r t , F.R.S. ( U n i v e r s i t y of S u s s e x ) , 

"The C h e m i s t r y of Some Un u s u a l S u b v a l e n t Compounds 

of t h e Main Group I V and V E l e m e n t s " . 

Dr. D.H. W i l l i a m s ( U n i v e r s i t y o f Cambridge), 

S t u d i e s on t h e S t r u c t u r e s and Modes of A c t i o n 

of A n t i b i o t i c s " . 

Dr. J . Cramp ( I . C . I . L t d . ) , " L a s e r s i n I n d u s t r y " . 

Dr. D.H. R i c h a r d s , P.E.R.M.E. ( M i n i s t r y of Defence) 

" T e r m i n a l l y F u n c t i o n a l P o l y m e r s , t h e i r S y n t h e s i s 

and U s e s " . 

P r o f . D.W.A. Sharp ( U n i v e r s i t y o f G l a s g o w ) , "Some 

Redox R e a c t i o n s i n F l u o r i n e C h e m i s t r y " . 

Dr. R. Manning (Department of Zoology, U n i v e r s i t y 

of Durham), " M o l e c u l a r Mechanisms of Hormone A c t i o n 

S i r G e o f f r e y A l l e n , F.R.S. ( U n i l e v e r L t d . ) , 

"U.K. R e s e a r c h L t d . " . 

[R.S.C. C e n t e n a r y L e c t u r e ] , P r o f . A.G. MacDiarmid, 

( U n i v e r s i t y o f P e n n s y l v a n i a ) , " M e t a l l i c C o v a l e n t 

P o l y m e r s : ( S N ) X a n d ( C H ) x and t h e i r d e r i v a t i v e s " . 
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:3 March 

'20 O c t o b e r 

3 November 

10 November 

24 November 

1 December 

1984 

26 J a n u a r y 

2 F e b r u a r y 

16 F e b r u a r y 

23 F e b r u a r y 

1 March 

8 March 

P r o f . A.C.T. North ( U n i v e r s i t y of L e e d s ) , "The 

Use of a Computer D i s p l a y System i n S t u d y i n g Mole­

c u l a r S t r u c t u r e s and I n t e r a c t i o n s " . 

P r o f . R.B. C u n d a l l ( U n i v e r s i t y o f S a l f o r d ) , 

" E x p l o s i v e s " . 

Dr. G. R i c h a r d s ( U n i v e r s i t y of O x f o r d ) , "Quantum 

pharmacology". 

Dr. J . H a r r i s o n ( S t e r l i n g O r g a n i c ) , " A p p l i e d 

C h e m i s t r y and the P h a r m a c e u t i c a l I n d u s t r y " . 

P r o f . D.A. K i n g ( U n i v e r s i t y o f L i v e r p o o l ) , 

" C h e m i s t r y i n two d i m e n s i o n s " . 

Dr. J.D. C o y l e (The Open U n i v e r s i t y ) , "The 

problem w i t h s u n s h i n e " . 

P r o f . T.L. B l u n d e l l ( B i r k b e c k C o l l e g e , London), 

" B i o l o g i c a l r e c o g n i t i o n : I n t e r a c t i o n s of macro-

m o l e c u l a r s u r f a c e s " . 

P r o f . N.B.H. J o n a t h a n ( U n i v e r s i t y of Southampton), 

" P h o t o e l e c t r o n s p e c t r o s c o p y - a r a d i c a l a pproach". 

P r o f . D. P h i l l i p s (The R o y a l I n s t i t u t i o n ) , "Lumin­

e s c e n c e and p h o t o c h e m i s t r y - a l i g h t e n t e r t a i n m e n t P 

P r o f . F.G.A. St o n e , F.R.S. ( U n i v e r s i t y of B r i s t o l ) , 

"The use of c a r b e n e and c a r b y n e groups t o s y n t h e s i s e 

m e t a l c l u s t e r s " . 

[The Waddington Memorial L e c t u r e ] . 

P r o f . A . J . L e a d b e t t e r ( R u t h e r f o r d A p p l e t o n L a b s . ) , 

" L i q u i d C r y s t a l s " . 

P r o f . D. Chapman ( R o y a l F r e e H o s p i t a l S c h o o l of 

M e d i c i n e , U n i v e r s i t y of London), " P h o s p h o l i p i d s and 

biomembranes: b a s i c s t r u c t u r e and f u t u r e t e c h n i q u e s 
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28 March (R.S.C. C e n t e n a r y L e c t u r e ] 

P r o f . H. Schmidbau r ( T e c h n i c a l U n i v e r s i t y of 

Munich, FRG), " Y l i d e s i n c o o r d i n a t i o n s p h e r e 

of m e t a l s : s y n t h e t i c , s t r u c t u r a l and t h e o r ­

e t i c a l a s p e c t s 11 

(B) RESEARCH CONFERENCES ATTENDED 

Achema '82; I n t e r n a t i o n a l Meeting on C h e m i c a l E n g i n e e r i n g , 

2 0 t h E x h i b i t i o n - C o n g r e s s . Frankfurt-am-Main,9-15 June, 1982 

G r a d u a t e Symposium, Durham, A p r i l 1982. 

S c o t t i s h D a l t o n Meeting, H e r i o t - W a t t U n i v e r s i t y , F e b r u a r y 1983. 

Graduate Symposium, Durham, A p r i l 1983. 

S c o t t i s h D a l t o n Meeting, Glasgow U n i v e r s i t y , F e b r u a r y 1984. 

Graduate Symposium, Durham, A p r i l 1984. 

Second I n t e r n a t i o n a l C o nverence on t h e C h e m i s t r y of the 

P l a t i n u m Group M e t a l s , U n i v e r s i t y of E d i n b u r g h , 1-6 July 1984. 

A p o s t e r was p r e s e n t e d by the a u t h o r e n t i t l e d - "Amidino -

complexes o f t h e N i c k e l Group M e t a l s " . 

(C) POSTGRADUATE INDUCTION COURSE 

I n e a c h p a r t of t h e c o u r s e , the u s e s and l i m i t a t i o n s of 

t h e v a r i o u s s e r v i c e s a v a i l a b l e were e x p l a i n e d . 

D e p a r t m e n t a l O r g a n i s a t i o n - Dr. E . J . F . Ross. 

E l e c t r i c a l a p p l i a n c e s and i n f r a r e d s p e c t r o s c o p y - Mr.R.N.Brown. 

Chromotography - Mr. J.A. P a r k i n s o n . 

M i c r o a n a l y s i s - Mr. T.F. Holmes and Mrs. M. C o c k s . 

Atomic a b s o r p t i o n s p e c t r o m e t r y and inorganic analysis - Mr. R. Coult. 

Mass s p e c t r o s c o p y - Dr. M. J o n e s . 

N.m.r. s p e c t r o s c o p y - Dr. R.S. Matthews. 

G l a s s b l o w i n g t e c h n i q u e s - Mr. R. H a r t and Mr. G. H a s w e l l . 

S a f e t y m a t t e r s - Dr. M.R. Crampton. 


